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PREFACE TO THE ENGLISH \ 
TRANSLATION 

Any one who has been at all in the position to 
follow for some time tlie evolution of medicine 
and natural science cannot fail to have noticed 
how the importance and the use of bacterio- 
logicaJ knowledge has constantly been spreadmg. 
For the physician and the veterinary surgeon 
bacteriology is an indispensable aid towards the 
recognition of infectious diseases in men and 
animals. Only by the aid of a certain amount 
of bacteriological knowledge is he enabled to 
understand and apply the successful methods of 
serumtherapeutics, of protective inoculation, of 
the delicate modem serodi agnostic methods of in- 
vestigation, which promise still greater results. 
The commissioned medical officer has absolute 
need of bacteriology in order to employ proper 
and efficient measures to ward off pestilence and 
to prevent the spread of infectious diseases. 
Indeed, one may say that without bacteriology 
hygiene wuuld never have attained its present 
height. The chemist, the druggist, the engineer, 
and even many commercial men, for instance, 
those working in the production of beer and 
wine, in the industry of preserves and of food- 
stuffs require a certam amount of knowledge of 
bacteriology for their business. Thus it has be- 
come the subject of studyin ever-increasing circles. 

In writing the present pocket edition it lias 
been the wish of the author to provide those 
studying bacteriology with a guide to practical 
laboratory work. It is not meant to take the 
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place of a textbook or of personal instruction, 
but to serve as a supplement to the above, to 
give practical hints, and to collect in practical 
form those technical details which ho easily slip 
the memory. 

Its popularity in Germany, where since 1898 
an almost yearly edition has been necessaiy, 
is due above all to its efforts to be clear and 
concise, and to bring forward only reliable and 
fully proved methods of examination, which are 
as simple as possible to undertake and to put 
into practice. Especially intended in the first 
plaoe for the use of the physician and the 
veterinary surgeon, it will also help the apothe- 
cary and the chemist and those of other callings, 
as it also includes what is necessary for their 
requirements. 

Through the kindness of the English pub- 
lishers of this little book, I have been able to 
look through the translation. I can only ex- 
press my full approval of the translation, and 
will only say that the additions in the English 
edition made to bring in special methods cus- 
tomary in England seem to me to add more 
value to its contents. 

I hope with all my heai-t that this little book 
may be of use to the English student and friend 
of bacteriology, just as it has been able to win 
for itself a circle of friends in Germany, and that 
it may assist in spreading and deepening the 
knowledge of bacteriology for the benefit uf the 
various callings in need of it, and so pro bono 
publico. 

Berlin, 

August, 1907. 
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The Microscope 

Is bauteriological work dry lenses are useil lor 
diatniniag miGroBcopical preparations and colunius 
of bacteria. For observation of the bacteria them- 
selves an, immersion lens is necessary. 

When examining a preparation with the immeiiiion 
lens a drop of the immerBion fluid is first ttangferred 
to the clean (for method of cleansing see p. 7) 
surface of the cover-glasa (usually squares 18 mm. 
long and 0'16 mm. thick) by means of a glass rod. 
As a rule the immersion fluid employed is cedar oil 
(thickened cedar oil, not the thinner sort used for 
dearing sections). The tube of the microscope is 
lowered until the objective just touches the drop 
of immersion fluid. At this point one looks through 
the microscope and continues to lower the tube by 
means of the coarse adjustment until an indistinct 
picture of the object comes into view. Focussing 
IB then completed by meaius of the flue adjustment- 
Bacteria are examined (a) in unstained and {bj 
etained preparations. 

(a) Vnttained preparations serve for the purpose 
of studying the characteriittics of living micro- 
organisms, and are made in the form of hanying drop 
prtparalions in the following way. On the centre 
of a clean cover-glass which is placed either 
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laboratoij beuch or held with a Cornet's forceita, one 
puts b; means of a, platinum loop which has been 
thoroughly Bteriliied in the flame 0, drop either of 
lihyaiological salt solution (0-7%-0-3%) or of broth, otr- 
of peptone water (see pp. 13, 22). By pieans of 
a sterilized platinum needle a trace (not too much) 
of the material which contains bacteria ib next trans- 
ferred to this drop on the cover-glasB. In caseB where 
the fluid to be examined is not too rich in bacteria, 
a drop of it may be placed on the covei-glasa without 
dilution. A hanging drop slide is now taken, and 
the margin of its cavity covered with vaseline. The 
covei'-glasB is then placed upon this cavity of the slide 
in Euch fashion that the drop liea freely in the hollow. 
The cover-glasB must be firmly pressed down all round 
on the vaseline bo that the drop hangs in a completely 
closed space ; for if this is not the case evaporation 
occurs, and not only does the drop tend to dry up, but 
currents are apt to develop in it which drag along the 
bacteria and thus produce movements which may be 
mistaken for true motility. 

Examination by the hanging drop method has the 
advantage over the other method of examining fluid 
directly, e. g. by spreading the material between 
a cover-glaes and an ordinary slide, in that evapora- 
tion in more readily prevented, and the material ia 
less liable to escape and infect instruments, &c. 

When examining a hanging drop preparation 
microscopically, in the first place a low power is used 
in conjunction with a narrow diaphragm, and the 
ireparation is placed on the stage of the microscope 
n such fashion that the edge of the drop passpR 
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directly acruss the centre of Llie field of vitiion. 
the low power is replaced by an immeraion lens, and 
the lenaea ace correctly centred, the edge of the drop 
will then again pasa accoaa the centre of the fleid; that 
is to Bay, it will be readily perceptible, 
placing the low power objective with the i 
lens, therefore, one places a drop of cedar oil o 
eover-glaas without moving the prepaiution, widens 
the diaphragm and lowers the tube until the lens 
touches the oil, then looks through the microscope 
and lowers the tube further, using the greatest caje, 
and proceeds slowly downwards with the fine adjust- 
ment until the margin of the drop comes into view. 
It is advisable to move the slide very gently from Hide 
to side with the hand, for in this way one is able 
to perceive at once if the lens has been lowered too 
far, and by pressing upon the cover-glass threatens to 
break it. Further, the margin of the drop which 
in the fii'st instance appears as a shadow lilie any 
other object is more easily seen in a state of movement 
than of rest. Outside the edge of the drop one may 
obterve a fine network due to precipitates resulting 
from evaporation on the under surface of the cover- 
glass round the drop. 

Experienced obaervers aometimes examine the drop 
by an immersion lens straight away ; beginners, how- 
ever, may add to it a trace of very dilute fuchsin 
solution for the purpose of enabling them to find th 
drop more easily, [f in small quantity, the dye doe 
not interfere with the bacteria. In any case, the edg 
of the drop is looked for because its outline is mor 
easily perceived than the rest of the drop. In eoi 
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sequtmce of the more autivi; goM exchange between 
air and fluid which prevaiU at the ed^e of the 
drop, motile bacteria eapecially tend to collect round 
the margin. Distilled water should not be uaed for 
hanging drop preparationa because it tends to reduce 
motility. Cultures which have just been taken from 
the incubator at 3T°C. should be eiamined in a fluid 
preriouelj warmed, so that the bacteria do not appear 
non-motile in consequence of rigidity due to cold. 

Try to avoid miataking molecular or Brownian 
movement, i. e. vibration from side to side, for true 
motility or change of position. The drop should be 
as flat aa possible in order that it may he accessible in 
all ita parts tu the immersion lena, for if the drop is too 
large, the deeper parts lie external to the focal range 
of the lenB. 

If the cover-glans is sterilized in the flame and 
a droplet of transparent nutrient mediam, either 
liquid or rendered fluid, is placed upon it, a culture 
preparation is obtained in which the growth of bac- 
teria can be directly followed with the eye. The 
itage is of use in this connexion. 

the examination of a hanging drop 
preparation is finished, the cover-gla™ ia raised from 
alide in such manner that the drop dooa not 
touch the slide, and the cover-glass with its attached 
drop is plunged into strong sulphuric acid for the 
purpose of destroying the bacteria. The glass slide 
may then be uaed for another specimen. At the end 
of the examination the vaseline is removed from the 
lide by moans of blotting-paper, and the slide aub- 
;qui^ntly cleaned with a rag steeped in benzene. 



As regards the preparatioD and staining of film- 
preparations and settions see pp. 51, 6S. 

niuminatioa. In examining the banging drop, it 
is well to employ the ooncaTB mirror, and either 
a narrow stop or a contracted iris diaphragm, in ordei 
that a contour or refraction image may be obtained. 
The more powerful the objective, the wider should thp 
diaphragm he opened — it should he about half open if 
the immersion lens is used- The Abbe condenser is 
put out of action by application of the diaphragm, 
80 that it is not neceseary to remove it. When 
examining stained preparationa, the plane mirror is 
'used without the diaphragm and an absorption or 
colour image is obtained : in the last case the Abbe 
condenser comes into action, and tfae latt«r should 
be adjusted in such a way that the light refracted by 
it is thrown dii'ectly upon the spot where the speci- 
men to be examined lies. First the specimen is 
placed in position, under a low power. Then the 
' plane mirror is turned towards an object which lies at 
some distance — a tcee or house for instance — and tha 
condenser is raised or lowered without further moving 
the tube until one perceives in and upon the image of 
the specimen a distinct figure of the reflected object. 
The condenser is left in this position, and now the 
mirror is turned from the tree or house to any distant 
source of light which does not yield a reflection of i 
own. e. g. white sty. The adjustment of the Abl 
condenser in the particular way described, however^ 
is not always necessary. In case of a distant i 
source it is as a rule sufficient to screw this appi 
up aa high aa possible ; but when the source of 
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is near at hand the condenser oiiglil. to be lowered if 
one wishes to obtain a good effect. If the light is bad, 
the eondeneer should be minutely adjusted. 

Glaring afcy light ia relieved by interposing a plane 
of blue gloss in a slot below the stage of the micro- 
scope, or by means of blinds to the windows. 

As regards artificial light, incandescent light ia 
especially suitable. An oil lamp may also be used 
provided that its light ia made to pass through a blue 
glass disk in the diaphragm of the microscope, or 
through a shoemaker's ball, or through a bulb filled 
with copper and ammonium sulphate. The Inst solu- 
tion is made up by adding ammonia to an intenselj 
blue solution of copper sulphate until the light which 
passes through appears purely white in tbe micro- 
seope. Electric light requires to be reliered by inter- 
posing a blue or ground glaes screen in the microscope, 
or by application of a 'frosted peai'. In case of the 
source of light being near at hand and its reflection 
interfering with the examination of specimens, one 
should use 




Directioiia for cleaiuiig the Microscope. 

Whi'n removing an immersion specimen from be- 
neath the microscope, one Jirat raisen the tube so that 
the lens ia not injured in the process of removing 
thepreparation. On completion of the microscopical 
examination, the immersion fluid should be removed 
the lens by means of fine blotting-paper 
iph )]aper) ; then the lens should be cleansed 
itb a piece of clean wash-leather. If the lens is 
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covered with resinous oil,Oajiada balmm, or similar I 
material, it may be cleaned with a small piece of 
leather, or fine blotting-paper wetted either with xylol, 
benzene, or similar Bolvent. Care, however, shoald 
be taken, for such solvents are apt to dissolve the 
material with which the lens is cemented. 

After use, one protecta the microaoope against light 
and dust by placing it either under a dark g\aa 
bell jar, or in its box or case. If the objective is no 
removed, a little piece of fine clean blotting-paper 
should be placed between the Abbe condenser and the 
objective te prevent their coming in contact. 

For preservation of preparations see pp. 53, 54, 188. 



Directions for cleaning CoTer-glassea. 

1. New cover-glasees are cleaned with alcohol ai 
ether equal parts, or with sjlol, or benzene ; and a fine 
linen cloth or thin blotting-paper are used for this 
purpose. A drop of water must distribute evenly o 
the surface of the cleaned eover-g-l asses ; and if they 
tail to pas!) this test, the cleansing process must be 
renewed, or the cover-glasses treated in the way 
directed (or old ones. Cover-glasses that have stuck 
together may be heated on a tin plate over the flame. 

2. Cld cover-fflasses. Method (a) After use, CO 
glasses are immersed in a glass jar containing raw 
sulphuric acid. For the puipose of cleaning, they are 
poured with the acid into a, white porcelain bowl, and 
after the acid has been poured off, they are thoroughly 
washed in running water and then boiled in strong 
cauatic soda or poiaBb, On removal from the boiling 
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alkali they are again washed in water, and aubse- 
quently treated with equal parte alcohol and ether, or 
with xylol or benzene, and clpanaed with a piece 
of linen or thin blotting-paper. The tent of cleanli- 
ness which all these cover-glasaea muGt pass is that 
a drop of water placed upon their surface must die- 
tribute evenly, and if they fail tn pass this test, the 
process of boiling with cauatic potash tavst be re- 
peated. Method (b) According to Kettuow covei^ 
glasses may he cleaned as follows :— [ 1) They are boiled 
for ten minutes, stirring the while, in the following 
solution :~potas8ium bichromate 200 grams, hot water 
2 litres, strong sulphuric acid 200 c.c. (2) The fluid 
ID poured off and the cover-glassea are rinsed for five 
.minutes in a dilute solution of caiiatic soda. Both 
processes are now repeated, the first being continued 
for only five minutes. The cover-glasses are first 
washed in water, then in alcohol, and finally cleansed 
by hand. 



II 

Sterilization and Disinfection 

All utensils and nutrient media uited for cultiva- 
tion of micro-organisms must be free of germ b: other- 
wise such germs may develop as contaniinatione. 
The following general rales should be observed : — - 
1. Minor instruments such aa platinum needles, 
knives, scissors, forceps, glaaa rods, may be sterilised 
in the flame. Platinum instruments are heated to 
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redness, Ltit the other inBtrmiients need onlj be 
heated in Buch wise that all parts dcBtined to come i 
in contact with the material which contains bacteiia i 
are licked over by the flame for at least two seconda. 
Tnstraments of metal tend to suft'er through heating 
and to become blunted ; the better ones therefore may 
be sterilized according t-o the rules laid down i. 
and 3. Only platinum -iridium instruments preserve 
their edge despite frequent heating: these are u 
for anbeulturing hard or tough cultures (actinomyoes 
or moulds) and also for obtaining blood. Glass 
platee, smaller glass bowls, and pipettes may bIbo ha 
Rterilized if necessary in the flame. Teat-tubes, again, 
may be Hteriliaed in the same way, and should 1 
heated until their protecting plugs of wool ai 
browned. Partsof syringes, if they are not compose 
of materials liable to be injured by the flatne, may 
also be sterilized in the same fashion. 

2. All other mt^or instruments which can stand ' 
dry heat, viz. : — glass utensils, metal instruments which 
are not soldered, wadding, blotting-paper, &c., are 
sterilized in the hot air sterilizer by being kept for 
half an hour at 150" C. and over. Wadding should 
not be heated above 180° C, since it becomes brown 
and brittle above that temperature. The same 
applies to blotting-paper, which also becomes brown. 
Glass and metal articles may be exposed to 201}" C. and 
higher. 

3. Materials that do not stand dry heat, but can be 
boiled without undergoing any change, are sterilized 
by being heated in steam. To this category belong 
all the nutrient media (excepting those which contain m 
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pathogenic germs by boiling them for 1-2 hours in 
a pot of water, or by placing them in the steamer 
for this time. Hands infected with bacteria should 
be thoroughly cleansed as follows: — Rinse them in 
1 : 1,000 solution of sublimate and salt, or in Cresol 
soap solution 1 : 1,000, next wash and scrub them in 
soap and water, brush them in alcohol, and then in 
fresh disinfectant solution and wash again. N.B. 
The first water used for washing, and the brush, may, 
under certain circumstances, contain living germs, 
and should therefore be disinfected if possible. For 
mode of disinfecting the bodies of infected animals, 
see p. 188. 



Ill 

Nutrient Media 

The basis of media most generally used for the 
cultivation of bacteria is : — 

Meat Extract, or Fleischwasser. 

1. 500 grams of finely-chopped beef or horsefiesh, 
as free as possible from fat, are warmed in the pot 
with a litre of ordinary water at 50^ C. for half an hour, 
and then boiled from J-f of an hour. 

2. The fluid is filtered or strained off from the meat, 
enough water is added to make it up to one litre, and 
it is then poured into a flask the mouth of which is 
plugged with wool. From this meat extract nutrient 
broth, nutrient gelatine, and nutrient agar are made. 
If it is to be preserved, the meat extract must be 
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heated on tbtee cotiBeeulive da^B lor bait' an hour at 
a time in the steamer ; or it may be sterilized at once 
by exposing it in the autoclave foi- fiTteen m^inutes to 
I20''C. 

Brotb. 

1. To meat extract prepared as above are added 
peptone (Witte-Rofltock or Chapoteaut Paris) 1% or 
even up to 5%, and J% of common salt. For some 
bacteria the addition of from j-1% of grape sugar is 
advisable, in which case the sugar should be added at 
the end of the process, because, when boiled for some 
time, sugar is converted into caramel, which produces 
brown discoloration of the medium. When the broth 
has been prepared, the desired amount of sugar 
should be added from a sterilized 10% solution of it. 

2. Heat in the steamer until dissolved. ■ 

3. Neutralize either with saturated, with 10%, ol I 
with normal solution of sodium carbonate, or with 
disodium phosphate, or with 25% NaOH, The correct 
reaction is reached at the point when blue litmus- 
paper is no longer reddened when a drop of the 
medium is placed upon it. Red litmus-paper will 
then be rendered blue. For purpose of comparison, 
observe the tint produced by a drop of water from the 
tap. If too much alkalinity has been produced, this 
may be reduced by adding lactic acid, phosphoric 
acid, or HCL drop by drop, k small excess of alkali 
(Na.COj, not NaOII) does, as a rule, no harm (see 
gelatine, pp. 15, 16). 

For neutralization with phenolphthalein as indicator 
see p. IH. 
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4. Heat in Bteamer for }~^ houi'. 

5. Filter. Ke-test reaction of the medium, i 
necessary I'orrect it. Again steam and filter. Should 
the filtrate on uooling nut be clear, the process of 
filtration must be repeated, or clear as directed for 
gelatine (see below). 

6. Sterilize in a flask, or else place in tubes and 
steam on three consecutive days for ^-^ hour, or 
autoclave it as din>cted on p. 10. ^^ 

a«lati&e. ^^M 

1. To meat extiuct the same addition is made as in 
preparation of nutrient broth, together with 10%, or 
in Hummer 15%. of the fLneat white gelatine, 

2-5 are carried out in the same fashion as in the 
case of nutrient broth. If, despite of a correct reaction 
and thick filter, one does not obtain a fairly or com- 
pletely clear filtrate, then the white of an egg or 
10-20 c.c. of meat juice expressed in the cold from 
raw meat may be added to the gelatine after cooling 
it down to about 50' C. Shake well and filter again 
after careful boiling. 

6. Carry out as in the case of broth. 

The gelatine remains firm at temperatures between 
20-27°C. (see below): at slightly higher temperatures 
it melts slowly, but at 35" C. it melts rapidly; when 
in a melted condition the gelatine solidifies again 
if cooled below 20' C. Gelatine must not be boiled 
too frequently, or too long, and care is especially 
necessary when eipoeing it to a temperature above 
100° C. in th" autoclave ; for though it stands being 
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heat d once to 1I0°C. for fit'teen miiiutuE, 
capacity for eolidiiying ie apt to be impaired b; 
eipo3ure to Buch tennteratures. The melting-point 
of gelatine, in fact, reniaina the higher the less it 
ifi heated. The melting-point of recently prepared 
gelatine is always somewhat lower than that of 
gelatine that has been left in a iolidifled condition 
for twenty-four hoars or longer. 

Nutrient gelatine icith a speelalli/ high melfing- 
point preptii-ed aeeording to Foi'ster. In a small veasel 
containing 1 litre of sterile broth and warmed to 
60' C, disaolve 100-150 grams of gelatine. Add 
KOH to reduce the acidity till it is faint, then make 
slightly alkaline with Na COj. Now add the white 
of an egg. Stand the Teasel iu a large boiling-pot 
filled with boiling water and stir the gelatine well. 
In three minutes it becomes heated up to 98-99"' 0. 
Now close the coser of the large boiling-i'ot, and boil 
it together with the vessel containing the gelatine 
for about fifteen minutes. Filter through a warm- 
water funnel at a temperature of 60" C. (the filter, 
funnel, and collecting flask having been previously 
sterilized). Collect the whole of the gelatine in one 
flask. Transfer it aseptically into sterile test-tubes 
and heat for twenty minutes in the steamer, then 
cool by immersion in cold water. The gelatine la 
now ready for use, and sterile ; its melting-point lies 
after several days between 29-30° C, : bat at first is 
somewhat lower. The principal point of thie method 
is the brief duration of the boiling of the gelatine. 

For certain puiposes it is well to make the gelatine 
somewhat alkaline. An addition of 10 1-5 c. 
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normal soda solution per litre of gelatine over the 
neutral point scarcely ever does any harm. Certain 
kinds of bacteria require a still higher alkalinity 
(see later). The following soda solutions are of 
equivalent value : — 10 c.c. of normal solution of soda, 
5«3 C.C. of 10 % solution of water-free soda, or 14«3 c.c. 
of 10 % solution of crystallized soda. A 10 % solution 
of crystallized soda contains 3*7 % Na2C03. Normal 
soda solution contains 5'3 % NajCO,. 

[The following is a convenient and quick way of 
making gelatine. Composition of the Medium : Gelatine 
(yellow gold label) 100 grams (in summer 120), Peptone 
(Witte) 10 grams, Sodium Chloride 5 grams, Meat 
Extract to 1 litre. Directions :—Fut 500 c.c. of the 
meat extract into a white enamelled saucepan, heat 
to about 70°C., add peptone, and stir with a small 
wooden spoon. When the peptone has dissolved, add 
the gelatine, and stir again till dissolved. Now add 
remainder of the broth, thoroughly mix, make alkaline 
with Liq. potassi (till blue litmus-paper is rendered 
slightly more blue), add the beaten white of one egg, 
put in a flask and heat in the steamer for 30 minutes. 
Filter through two thicknesses of Swedish or Rhenish 
filter -paper moistened with sterile distilled water 
(placing the funnel in warm filter jacket) into a sterile 
flask, put into tubes, and sterilize in steamer for 
30 minutes on two successive days.] 

Agar. 

1. To meat extract the same addition is made as in 
the preparation of nutrient broth, and also 1^-2 % of 
finely chopped or powdered agar. It is well to add 



NUTRIENT MEDIA 17 , 

the agar to the meat extr.ict ii couple of hours before i 
the other ingredients, for in this way the agar be- ' 
comes softened, and disBoIvea more easily. 

2-4 ore cairied out as in the caaa of nutrient 
broth. Now test the reaction of the medium aud 
correct it if neoeBsary. 

5. The turhid flucculent medium must next be 
filtered. This is not easily effected through filter- 
paper, even with the aid of iv warm funnel, or ii 
steamer. Therefore it ia better to filter through 
cotton-wool, as follows : - A fourfold layer of cotton- 
wool (of the kind used for bandaging) ia laid ac 
a funnel in such faahion tha,t the wool projects i 
the edge. The funnel thus prepared is placed in 
steamer for an hour and the hot agar poured on to it. 
Another method is to omit filtering, and to allow the 
fluid agar to stand in the steamer after turning out 
the flame, in which case the turbidity mostly deposits, 
and the cleaf supernatant fiuid is drained off. Narrow 
and long cylinders are well adapted for this purpose ; 
for one can allow the agar to solidify therein, and then 
push it out and cut awaj the opaque lower portion. 

6. As for broth. 

Repeated boiling does not injure the capacity of 
agar for solidifying. Agar melts between 90-100'' C, 
and remains fluid down ti]40''C., but if the temperature 
falls below this point it aolidifiea very quickly— almost 
suddenly. When agar solidifies it expresses a little , 
fluid— go-called condensation fluid. 

[The following method of preparing ordiDar< 1 
nutrient agar by softening it first with dilute aci 
acid, baa been in use in Dr. Klein's laboratory 
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(0*5 grm. phenolphthalein in 100 c.c. of 50% alcohol 

N 
solution) and titrate with kr NaOH or HGL until the 

fluid develops a brilliant red colour. Now add to the 
rest of the medium according to the result of this 
titration experiment normal NaOH or normal HCL 
until the reaction is neutral. Thereupon titrate again 
a sample of the medium (5 c.c.) as above and correct 
the reaction of the rest if necessary. Heat to boiling 
and test again. If the medium is now neutral or 
slightly alkaline to phenolphthalein it is strongly 
alkaline to litmus, since the peptone and diphosphate 
present in the medium are neutral or alkaline to 
litmus but acid or neutral to phenolphthalein. As 
media are most suitable for bacterial growth when 
neutral or slightly alkaline to litmus, media neutral 
to phenolphthalein must receive an addition of acid. 
Add 1*5 % (up to 2 5 %, note how much) normal HGL, 
boil, filter, and sterilize. 

4. The addition of 2-8 % of glycerin puriss before 
sterilization increases for some purposes the value of 
a medium. Glycerin agar is the usual form of glyceri- 
nated medium employed. 

The process of filling tubes with media and 

sterilizing them. 

New test-tubes (those in general use are 160 mm. long 
by 16 mm. in diameter) should be boiled before use in 
1-2% HGl, for the reason that when heated they are apt 
to give off alkali, which renders the medium turbid and 
unfit for use. It is advisable to purchase tubes of Jena 
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glass (Schott), whicb give o& but little alkali. Old teat- 
tubea are boiled in wa,t«r or placed is the Eteamer- 
The tubes are cleaned bj careful bruBhing, and are 
then allowed to dry, after which each is provided 
with a plug of wool about 3 om. long, which is gently 
rolled in iind allowed to protrude a little over the 
upper margin. They are then sterilized in the hot- 
air aterilizer as directed on p. 9. Thia sterilization , 
however, may be omitted in case of tubes that will be 
sabGequentl; sterilized after being filled with nutrient ' 
media. 

When pouring medium into tubes, the lower end of ' 
a fiianel should be provided with a piece of india- 
mbber tubing fitted to a small glass tube. By n 
of this appliance (which is sterilized in the steatuer 
with the medium, and provided with a clip at the 
rubber portion) one can readily fill the tubes without 
smearing their u|iper portion and thus causing the 
wool plug to stick to the glass. Each tube sbould 
contain about 5 c.c. of medium. 

For filling tubes with definite quantities of medium 
either a specially constructed filling fnnnel (Treskow's) 
18 used, or a graduated burette is fitted with a tube 
junction and a A or i, -shaped nozzle, through one 
limb of which the fluid medium is allowed to flow up to 
a given mark. The flow is then shut off ; and from 
other limb, which is provided with a rubber tube a 
pressure clip, the required quantity is filled into t 
tube. Before sterilizing tubes filled accurately i 
this way, one should as a precaution mark the upp*^ 
limit of their contenb with a grease pencil and ol 
whether the quantity decreases during titerilicatiion. J 
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blood-serum is needed, it is best obtained in this 
fashion. 

For most purposes one can sacrifice the trans- 
parency of the solidified serum (which is on the 
whole somewhat feeble) and sterilize it after solidifi- 
cation in sloped tubes by heating to 95-98° G. for 
three successive days for half an hour in the serum 
inspissator ; or one can heat it in the steamer to 100" G. 
straight away, but in that case the surface of the 
medium often becomes uneven from the formation 
of bubbles. However prepared, as a precaution one 
keeps the tubes before use for twenty-four hours at 
37° G. and eliminates those which show contamination 
(turbidity of condensation fluid, &c.). 

Instead of tubes, one may allow the serum to 
solidify in Petri dishes (p. 97), and sterilize as above, 
but in this case the suiface of the medium dries up 
quickly, and extraneous organisms tend to find access 
to it. 

Ascites or hydrocele fluid obtained by aseptic 
puncture can be used in place of serum ; the reaction, 
however, is sometimes very alkaline, and should 
always bo tested. 

Blood Serum with Broth (Loeffler*s Serum). 

The nutrient property of the blood serum is in- 
creased by adding to 3 or 4 parts of serum 
one part of slightly alkaline broth containing 
peptone 1%, salt 0«5%, and glucose 1%. This addi- 
tion is made before the tubes are filled. The capacity 
of the serum for solidifying is not reduced by the 



addition of the broth, but rather higher lemperotureB 

(90-95° C.) ninst be employed for obtaining good 

Bolidification. , 

Human Blood Serum. 

See nndei' Gonococci fp. 148). 
Serum-Agor. 

Sterile fluid serum warmed to between 40 and 50^C. 
ia mixed witk iigiir (2-S%) whicli baa been melted 
aud then cooled down to this temperature. The 
Beram is mixed with the agar either in equal parts, or 
in the proportion of 1 of serum to 2 of agar. The 
medium, which solidiSea on cooling, ia either inocu- 
lated while still fluid and then poured into plates, or 
else it is first allowed to set in plates and iu sloped 
tubes, and surface cultures are then made. Ascites or i 
hydrocele agar is prepared in a similar manner (see 
also p. 147). 

Egga. 

The shell of the egg is carefully washed and brushed , 
in soap and water ; it is then washed in 5% sublimate 
and in sterile water, and dried with sterile wool. 
For the purpose of inoculation a small opening ia 
made in the apex of the egg. and when the inoculation 
has been made through thie, the opening is closed 
with sealing-wax, or aterile paper and collodion. 
The medium is an unsatiefactorj one, because it is 
frequently not sterile. 

Solidified white of egg may be prepared either with j 
or without the yolk. In either case the shell i 
sterilized, When preparing the while separately, the J 
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Bread. 

Very dry white bread is powdered. Sufficieut 
bread crumbs to cover its bottom are placed in an 
Erlenmeyer flask, and enough water added to produce 
a thick pulp. The bread medium is then sterilized 
either in the steamer or in the autoclave. It has an 
acid reaction, and is a good medium for moulds. 

Milk. 

Fresh milk, preferably with the cream removed, 
e.g. skim milk, giving an amphoteric reaction to 
litmus-paper, is poured into test-tubes and heated in 
the steamer on three successive days for ^-1 hour. 
(At a temperature of 110° C. and over, the medium 
undergoes brown discoloration.) To prove its sterility, 
milk should be kept for at least three days at 37^ C. 
before inoculation. 

Albumen-free Media according to TJnchiumkj 

and C. Frankel. 

NaCL 5*0, dipotassium or sodium phosphate 2*0, 
asparagin or aspartate of soda 4*0, ammonium lactate 
6'0, dissolved in ordinary water 1,000 c.c. Neutralize 
and make slightly alkaline with NaOH. Sterilize as 
in the case of broth. 

The Preservation of Media. 

General Rules, Always label media with the date of 
manufacture, composition, and reaction. 

Nutrient media frequently deteriorate on keeping, 
especially from evaporation, and from the penetration 
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of moulds, vhich are apt to gain access despite 
a closely-fitting plug. Both these contingencieH, 
however, can be avoided by flaming the margin and 
protruding plug of the tubes or flasks containing the 
medium directlj ai'ter they have been steamed, and 
bj then covering them with a c I oseij- fitting cap ol 
Bterilized rubber, tinfoil, or metal. Another way of 
preserving media ia to place tie drawer containing 
them in a tin box [biscuit tin) with closely- fitting top, 
in which at the same time a large piece of blotting- 
paper is placed which has been saturated with oil of 
cloves. 

Diied-up media may be renovated by adding 
a quantity of water equal to that lost by evaporation, 
and by tiien resteriliiing them after thoroagh ad 
mixture. 

Media beginning to get mouldy can also be saved 
by resterilization. 

For special culture media ace the following pages ;— 
Drigalski and Conradi's Medium, p. 117, MacConkey's 
Bile-salt Media, p. 200, Nasgar, p. 147. 



Culture Methods 

Flate Cnltnrea. 

These serve for the purpose of isolating from a 
mixture the different kinds of bacteria which may 
be present. The mixed bacteria are distributed i 
a solid medium which has been melted ; and thus »' 
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held apart when the medium solidifies. Proyided 
that the medium is favourable to them, such separated 
bacteria then develop into isolated colonies. 

1. Gelatine Plates. Three tubes of gelatine are 
liquefied in a water bath at 30-35° G. One of these 
tubes is held in the left hand between the thumb and 
the palm which is turned upwards in an oblique 
position, the opening of the tube pointing to the 
right. The plug of wood is now removed from the 
tube and held between two of the finger-tips of the 
left hand in such a way that the part of the plug 
which is to be again introduced into the tube points 
downwards, and is not touched by the fingers. A tube 
should always be held in this way when it is being 
inoculated. With a sterilized platinum loop one 
then takes a trace of the bacteria-containing material 
and distributes it in the fluid gelatine contained 
in the upper portion of the tube. The loop is 
sterilized in the flame again and laid aside, and the 
plug of wool replaced in the tube. The inoculated 
material is then distributed in the gelatine by gently 
moving and rotating the tube. Shaking should be 
avoided, for thereby bubbles are liable to be developed 
which become fixed in the gelatine and thus simulate 
colonies. The fluid gelatine should not be allowed to 
touch the wool plugs. 

Now one grasps the tube in the same way as before, 
and also the second tube, and removes the plugs from 
both. With a sterile platinum loop three drops of 
tube 1 are then transferred to tube 2. The loop is 
resterilized, the plugs replaced, and tube 2 gently 
rotated to ensure distribution of the material. Tube 1 
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full; with a, grease pencil, or belter with n. label, not 
omitting to record the date. 

2. Affar plates are made in just the same way as 
gelatine platea, the agar being melted and then cooled 
to 40° C. Work quickly because the agar pets rapidly. 
It is welt to warm the platea slightly befoie pouring 
in the medium. Roll-tubea of agar turn out badly. 
Agar plates are inverted before they are placed in the 
incubator because otherwise the condensation fluid 
which is expressed from the agar is apt to make all 
the colonies on the surface of this medium confluent. 

For preparation of semm-agar plates, see p, 25. 

Adeantages of gelatine. Colonies mostly grow in 
characteristic forms. 

Di$advanlages, It remains firm only to 30° C. at the 
outside; and made in the usual way it only remains 
firm up to 22-24'' C, especially in plates. It is there- 
fore not solid at the body temperature. The rapid 
liquefaction (peptonization) of gelatine produced by 
certain bacteria also interferes with the value of plates 
of this medium for isolating bacteria. 

Adrantages of agar. It can be used as a solid medium 
for the culture of bacteria at the body temperature. 
It is not liquefied, so that agar plates keep longer than 
gelatine. 

Disadvantage of agar. The bacterial colouies are 
not as a rule characteristic. 

An Economical Method of diluting Cnltnre- 
materiol. 

wishes to obtain dilutions with small con- 
of gelatine or agar, one places a number of 




w 



CULTURE METHODS 



drops of broth or gelatine on a sterile plate and in- 
oculates the first drop with the material to be ex- 
amined, from this the Becond drop, from that the 
third, and ho ou. From given drops, one or more 
gelatine or agar tubes can then be inoculated and 
poured ont as plate cultures. 

The Examination of Flatsa. 

Colonies developing in plate cultures are examined 
with low objectiFe, narrow diaphragm, and concave 
mirror. In the case of Petri di>ihes one raises the 
cover; or, if one doea not wish to subculture, the 
plate ma; be examined microscopic ally in inverted 
position. 

Isolated colonies may tie subcultured by the process 
known as Fishing. The selected colony ia placed in 
the field of a low power uiicroscope, and with a fine 
sterile platinum needle, the end of which may with 
advantage be bent, one touches lightly this colony, 
controlling the process by looking through the 
microscope. After the colony has been touched, the 
needle is removed as carefully as when brought to the 
colony. In oider t<i avoid touching any other part of 
the plate than the selected colony, the little finger of 
the hand that guides the needle may be rested on 
some solid support. The material removed from the 
colony by the needle is used either for preparations 
or for pure cultures. 

A more comprehensive investigation of the growth 
on a plate may be efl'ected by meant* of hiipi'etsioH- 
pitl/atntions, which are made in the following way, 
A cover-glass is sterilized in the flame, allowed 
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cool, pressed firmly down on the plate and then raised 
with the forceps. The preparation thns obtained is 
stained according to the directions given later (p. 51). 
Impression-preparations afford general information 
concerning the kinds of bacteria present, and are 
especially useful for the study of the smallest colonies. 
Subcultures must not be made from a part of the 
plate where an impression-preparation has been made. 
For Enutneration of Micrxhorganisms see pp. 188, 1^2. 

The Preparation and Subculture of Pure 

Cultnres. 

Preparation ffvm plate cultures. One fishes some 
material from an isolated colony and inoculates there- 
with tubes of sterile medium. In fluid media one 
cleanses the needle by moving it from side to side ; 
in the case of solid media one either moves the needle 
over the whole of the surface, or one draws it along 
the middle in a straight line — Streak Culture, Avoid 
scratching the surface of the medium. Stab Culhirea 
are made by puncturing transparent medium which 
has solidified in a tube kept in an upright position. 
If the growth on the stab is to be examined under 
the low power of the microscope, the stab is made 
near the wall of the tube ; otherwise it is made in the 
centre. 

Subcultures are made by transferring small quan- 
tities of the growth with the sterilized platinum 
needle or loop into fresh tubes of culture media. 
When making subcultures, the tubes are held in the 
manner previously described, gelatine tubes being 
held with the open end facing downwards. 
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For the purpose of keepiog bacteiia in cultui'e. 
tmnHference to freah media, or, as the procexa is 
termed, Bubcnlture, is as a rule sufficient e^ery 4-6 
weeks; but sooieof the pathogenic ba^iteria (influenza, 
gonococcua, pneitmococcua, and meningococcua) re- 
<|uire more frequent transference. Bacteria, however, 
will retain their vitality for months wben one saturates 
small silk threads iNo. 4 size) with cultures of them, 
or better, with blood or other albuminous fluid in 
which the; are contained. These threads are dried 
in sterile capsules in a deHiccator over CaCLj, and are 
then kept in small test-tubes which itre placed inside 
larger tubes having CuCI, at the foot and L:loae<l with 
a plug of wool and rubber cap. 

On the emploTment of Snr&ce Plate cnltnxeB 
for the cnltivatioii of factions of the 
material nndeT examination. 

Instead of distributiug the bacteria ■ containing 
material in melted nutrient media, and then pouring 
this out into plates and allowing it to set, thus fixing 
the individual bacteria apart, one can effect the 
isolation of such bacteria by spreading out the material 
ou the surface of media which has already set either 
in plates or in sloped tubes. 

This is effected by using a loop, ov a sterile plug of 
wool, or a heated platinum wire (the latter tends 
to scratch the surface of the medium), and by this 
means distributing the miiteiial over the whole of the 
sur&ce of the medium. Provided that the original 
material in not too rich in bacteria, in the cuae uf , 
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plates, where the surface of Ihe raediuin exposed 

is comparatively large, it ia usually ea«y to obtain 
isolated colonieB by sowing a siagle plate. In sowing 
such a plate a drop is placed on the medinm with 
a loop, and this drop ia then tlioronghly distributed 
with a wire bent paiallel to the iiitrtace of the medinm: 
glass rods btnt to a right angle are also suitable for 
distributing luaterial over a plate. In the case ol 
sloped tubes, however, it is as a rule ueuessary to 
inoculate a aeries in sueceaaion, using the condensation 
Huid aa diluent. Thus in inoculating a series of seruui 
tubes one would add u louptul of the material to the 
condensation fluid of the firat tube, and then dis- 
tribute a loopful of this condensation Huid over the 
whole surface of the serum in tbia tube ; then with 
the same needle, without recharging it, a second and 
third serum tube are dealt with in the same way 
in quick Buccession. The third tube will generally be 
foUnd to yield a crop of well -separated colonies from 
which pure cultures can be made. This is the sole 
method of isolating bacteria in pure culture from 
media which cannot readily be converted from a solid 
to a fluid state and vice vcrsH, such bs blood eemtn, 
and potatoes. 

Thfl Animal Bod; as a means of obtaining 
Pure Cultures. 

Some pathogenic luicru-organiam^ ciui bu isolated 
from mixtures by means of the animal body. For this 
purpose it ia necessary that no other pathogenic germs 
which can penetrate tu the inner organs of the aniiual 



i 



w 



CULTURE MKTHODS 37 

!iliould be present in the mixture. In n. Hiii^neasful case, 
after inoenlfttion, only one kind of mieio-organiBin 
multiplies in the tissues of the aniinat, and after 
the animal has succumbed, this organism is recovered 
from its inner oi'gans in pure culture. The method is 
applicable for the isolation of anthrax, niouae septic- 
aemia, tuberculosis, plague, and the pneumococcus. 
In making cultures from the auimal bod;, it is gener- 
aJlf better not to attempt t<i make pure cultures 
direct, but first to prepare plates. If one docs attempt 
to make pure cultures direct, stab cultures sliould not 
be made, but elope cultures, in which contaminations 
are more readily perceived if present. Never cultivate 
in fluid medium, because here impurities are not so 
easily recognized. 

Hanging Drop CnltoreB. 

These are made in broth, gelatine, &c., for the 
puri)ose of directly observing the growth of bacteria 
under the microscope. For method of prejmr.ition 



The Cultivation of Anaerobes. 

To media emplo3'ed for the purpose of cultivating 
anaerobic bacteria one adds iw a matter of routine 
1-2% grape sugar, and, as well, 0-3-0-5 % sodium 
formate, or 0-1 % sulphindigotate of soda. The latter 
stains the medium blue, but owing to a proce^ of 
redootion, the colour is usually discharged by the 
growth of bacteria (p. 46), 

A good proportioii of anaerobic bacteria are spore- 
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which contaiiiK n liofinite proportion of the 
fectant. 

The bacteiicidnl power of a disinfecttuit is 
aimply tested by expoeiiig eitlier email pieces of glu8K. 
or silk threndfi upon which the l>acteria to be teit«<i 
have been dried, to solutions of ilitferent strength, 
and allowing contact for various periods. Before 
the material thus treated ie sown in nutrient solution, 
it should be washed in sterile water, or in a solution 
that binds the disinfectant but has in itself no 
disinfectant value ; or it should lie sown in a rich 
nutrient fluid and thoroughly shahen. 

[Before drawing inferences as to the practical Tala# 
of a diiHinfectant, its germicidal action in the presence 
of albumen should be determined,] 

11. Pathogenicity. ^h 

For ezaraination of tbiii aee )>, ISO. ^^H 

12. Toxin -formation, ^^M 

Toxin may he dissolved in the medium (solutiT^^ 
toxin), or it may he confined to the bodies of the 
bacteria (endotoxin). Soluble tur'm .—To demon- 
strate the presence of this, cultures in fluid media are 
filtered free of bacterial bodies (see p. 11, 4. (c)) ; the 
filtrate is then tested on animals (see p. 180). Endo- 
toxin : — Cultures on solid media are killed by chloro- 
form or toluol vapour. Thin may be effected by 
pouring a few drops of chloroform or toluol on to the 
under side of the plug of wool with which the tube is 
plugged, by covering the tube with a double rubber 
cap, and then placing it tbr one to several hours in 
the incubator at 37^C. (Take care that th.> other 
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culturea in the iiiiubator do not snfl'er.) The killed 
growth may then without any admixture of medium be 
inoculated into animals. A control culture should be 
made to prove that all the genuH are killed. (For doee 
to be inoculated see p. 182.) 

[Endotoxin can be liberated from the bodies of 
bacteria by promoting autoljais (e.g. by NaCl); by 
difisolving their substance in NaOH ; or by grinding 
them up in a special apparatus (MeFadyean and 
Rowland) at the temperature of liquid air which 
apparently rendei-s them brittle.] 



Staining Methods 

The Making of FreparEitioiis. 
1. Cover-slasa, Smaar, or Film Preparations. 
The Film. On the centre of a carefully-cleaned 
cover-glass (for slide prepaiationii see p. 54) a drop of 
water is deposited by a platinum loop, and to this 
drop is added by means of a loop or needle a trace of 
the material under examination. The drop is then 
spread out over the surface of the cover-glass to form 
a uniform tbin film. This is only possible when the 
cover-glass is absolutely free of grease. The cover- 
glaM it then allowed to dry, and this may be accele- 
rated by gently warming it over the flame, with the 
film side upwards. 
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Fluids that do not contain too maay bacteria- 
blood, pus - tire gmeai'od directlf over the cover-glans 
undiluted. In the case of organs, b. small piece is 
seized with sterile forceps and lightly smeared on a 
coverglass. Materials which distribute over the cover- 
glass with difficulty, such as aome kinds of aputuni, 
nodultii; of tuinoui's, and certain cultures, can be 
squeezed between two cover-i^tasaea which are freed 
from one anotherby holding them in a pair of Comet's 
forceps. Take care to avoid smearing the fingers. 
(For impression -preparations see p. 33.) 

Fixation. The cover-glass with the film side up- 
wards is held between the finger and thumb (or if the 
edge has been smeared, in the forceps) and passed 
three times through the (lame. The advantage of 
holding the preparation between finger and thnmb is 
to ensure that it is expotied to the right temperature. 
After being fixed in thin way the film is ready for 
staining. Fixation can also be effected by alcohol ; 
bat the process takes longer. In case of blood pre- 
parations, it ia recommended that they should be 
fixed by being left in equal parts of alcohol and ether 
from 2-10 minutes or longer. 

Should doubt arise as to which aide of the cover- 
glass the film ia on, a hint may be gained by breathing 
on it; the moisture condenses unevenly on the film 
side, evenly on the other. Or the cover-glaBs maj be 
scratched with a needle. 

Staining. For purposes of staining it, one takes 
hold of the cover-glass with a Cornet's forceps — an 
instrument usually closed, but opening ou pressure. 
With a pipette (which t^hould not be allowed to touch 
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the filia} one then drops on to the cover-glass sufficient 
atain to cover the whole of its upper surface. Aa a 
rule, one allows the stain to act for lire minutes in 
the cold, or for 10-60 seconds over the flame (stains, 
]p. 61). Another method of staining is to allow tlie 
cover-gla^a to float film downwards on some Etain in 
H, watch-glass ; and in ca^ea where prolonged staining 
is needed the watch-glass may be wanned on the wire 
gauze of a tripod. 

Washing. After having been stained, the cover- 
glasB preparation is washed in tap-water, dried with 
blotting-paper, mounted in water, and examined 
microscopical I J. If, on microscopical examination, 
paita of the preparation move about and vibrate, it is 
a sign either of under- fixation or of over-washing. 
Should the water between sUde and cover-glass 
evaporate, it can he renewed by placing a drop of 
water at the edge of the cover-glass. Should it be 
necessary to treat the preparation with other flaids 
after staining, one either drops these on to the fllni, 
or dips the cover-glass into ii vessel filled with such 
fluid. 

Mounting In ba/sain. If desirable, cover-glapa pre- 
parations can be examined In balsam. In this case, 
after the preparation has been stained and washed, it 
is dried either by allowing it to drain on a piece of 
blotting-paper and then to dry in the air, or by 
pressing it between two pieces of blotting-paper and 
then lightly brushing it with a camel's-hair brush. 
Id the last case cure unist be taken not to injure the 
film. Having dried the preparation, a drop of viscid 
Canada balsam (dissolved in xylol] is placed npou the 
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film Bide of the cover-glass, and the latter plac-od upon 
a clean elide. The bBlBani ou^ht not to run out at tlin 
edgea of the cover-glaas, lut should it do ao, the 
estidation luaj be wiped off after a few days by 
a piece of blotting- jmper steeped in xylol. In the 
sanie way iminerBion oil may be removed from the 
Burface of the cover-glass. When mounted in balsam, 
bacteria appear smaller than in water, and some 
peculiarities, e.g. capsules, disappear. It is a good 
rule therefore always to examine in water Brat. 

Preparations mounted in ha learn keep for an 
indefinite time. They uhould be preaerved in the 
dark. The atains gradually fade, especially methylene 
bine. Always label preparations at once. 

When it is wished t-o mount in balsam a cover-glass 
preparation that has been examined in water, one 
removes any immersion oil front its surface b; means 
of blotting-paper, runs water round the edge of the 
cover-glass, and floats it off the slide. The cover-glaas 
is then dried and mounted in the fashion described 
above. 

Sli,te, i.e. Ohjfil-glavs J'lrpaivHo'is. 
These may be made in the same fashion as cover' 
glass preparations, and are recommended in cases 
where one has to examine a large quantity of imitfirial 
and has only a single occasion on which to do so. 
The film is fixed and stained in the same way as in 
the case of cover-glass preparations. The slide is then 
dried with blotting-paper, or in the air, iiimierBion 
oil ia dropped on to it, and tlie film is examined direct 
without using a cover-glass. Should it be wished to 
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preserve the preparation, the noet important part of 
the film ie covered with a drop of balsam and a. co 
glass dropped on to it. 

An estimate of the size of ba«t«riH ie aioet simply 
made b; comparing them with red blood corpuscles 
tbe diameter of which viiries from T-9>i. In cases 
where red blood corpuscles are not present in the 
material, e.g. in piepiLrations fi-om cultures, a drop of 
blood from thf finger maj be miied with it. 

2. Seotlone, 

Hanhniny. Small pieces of tissue- at the outside ai 
bigasaphalanx- are hardened for at leastthreedayair 
absolute alcohol ; the latter being ftrequeiitlj changed. 
It is well to place a pad of blotting-paper on 
bottom of the vessel, so that the pieces of tissue hy 
resting upon it ma; be kept in the up]ier layers 
of thi' alcohol, which are more free of water than the 
lower. Pieces of tiaaue can be preserved for years in 
this way. In order to fix them l>etter, one can, if 
necessary, place them in formalin for 12-24 hours 
before putting them into alcohol. (For a quick method 
see p. 58.) 

For cutting, a microtome is used, and one en- 
deavours to obtain very thin sections. The ])iece8 of 
tissue, after being hardened, are attached or imbedded; 
and for this purpose the fallowing methods are 
recommended ; of which 1 and 2 should be used only 
for firm and parenchymatous tissue, 3 and 4 more 
especially for cavemoua tissue, or smnll pieces of 

1. Attachment by yli/ti-n'iie-;ielaline. 10 h'-J'is of 
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gelatine are di>Bo!ved in giycerine40+aq. 20 by heat, 
A drop of this is placed on a bit of cork, tbe piece of 
tissue it pressed upon it, and, after two minutes, tlie 
whole is placed in absolute alcohol. In the course of 
a few hours the glycerine -gelatine solidifies, and tbe 
material can then be cut. The sections are placed in 
a capsule containing 50% alcohol, and the knife also 
should be moistened with the latter. 

2. Imbedding in Celloidin. After being hardened 
in alcohol the pieces of tissue are placed for 1-8 days 
in a thin solution of celloidin made up by dissolving 
the latter in equal parts of alcohol and ether. They 
are neit placed for the same length of time in a more 
concentrated solution of celloidin, and are then, by 
means of a npatula, transferred with the attached 
celloidin to pieces of corli or wood. The imbedded 
material niUNt not be pressed upon when moving it. 
When, after some time, the celloidin has dried some- 
what in the air, the pieces are placed in 50-60% 
alcohol (not absolute) in order to allow the celloidin t<j 
solidify. Twenty-four hours later sections may be cut. 
The sections are kept in a capsule filled with 50% 
alcohol, and the knife in moistened with the same. 

3, hiAethUng in paivgiH. The hardened pieces of 
tissue are placed for from several hours to days (until 
they become transparent) in xylol, then for the same 
time in paraffin diEsolred in xylol, then in melted 
paraffin at a temperature of about 50° C. (Paraffin 
with the required melting-point can be ubtaiiied by 

'.ixing ditt'erent samples.) The pieces of tissue are 
ipt in the paiaffin oven at 50^ C. for 1-2 hours. After 
ling soaked in this way in the par.ifiii], tbe jiiece 
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of tiBBae is taken out with it apatula anil placed u 
a. clean gla^H plate insidu aBinull mould madeof glaa 
metal, or papier-machg, and melted paraffin is tlien 
poui'ed round and over it in such a wa; thiit tbe piece 
of tissue lies in the middle of the mould. The glass 
plate may be dipped into water to baateu solidifiuatio 
of the paraffin. If the; are not to be cut at once, th 
paraffin blocks are laljelled (b; 2>inning on a label). 
Before cutting, one pares otf the paiuffin up to the 
immediate vicinity of the imbedded tissue in order to 
see better in which direction it is to be cut. 
piece of tissue is then fixed on the block of the mi 
tome and cut with the knife, which is dry. 
sections are placed in a bowl of water warmed to 
between 40-45° C, and at once smooth themselves out. 
They are now removed from the water by inserting 
clean slides beneath them ami lifting them out in such 
fashion that they lie smooth on the slide. The slide 
is then stood on end to drain otf the water, and the 
drying is completed by placing it in the incubator 
at 37" C. The slide with sections attached to it is 
placed in the paraffin oven until the paraffin melts 
and begins to run off. The paraffin is then re- 
moved by xylol, aod the latter removed in turn by 
absolute alcohol. The section sticka firmly to tha 

4. Fivezing in oil nf Aniseed, The pieces of tissue 
are freed as much as possible from alcohol by drying 
them between blotting-paper, and they are then 
placed for at least twenty four houra in aniseed oil. 
The pieces of tissue are iiniuerted in aniseed oil in 
tightly- fitting glasa bottles in the incubator at 37" C. 
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3. Cedar oil or xylol, &r, 
(e) Wifk gentian violet. 

1. Stain in watery Bolution of gentian violet Tor 
i- 1 hour, 

2. WaEh flret in 50 % alcohol, then in absolute 
alcohol until the Bection has a bright violet colour. 

3. Clear in cedar oil. 

(rf) KShne's carhol-methylene blue slain. 

\. Stain in carbol-m ethylene blue for half an hour. 

2, Wa*U in water, 

3, Decolorize in water containing 2 drops HCL to 
100 aq. until a pale blue tint is obtained. 

4, Wash in water with 3-4c.e, of aaturated watery 
solution of carbonate of lithia to 100 aq. 

5, -t-S minutes in pure water. 

6, Half a minute in absolute alcohol, which may 
have a little methylene blue powder added to it. 

T. Methylene blue aniline oil. (This is made up by 
dissolving sufficient of the dye to cover the point of 
a knife in 10 c.c. of aniline oil, and adding aniline oil 
until the fluid assumes a deep violet colour,) The 
preparation is left in this stain for several minutes. 

8, Wash in fresh aniline oil. 

9. Turpentine, xylol, balsam. ^ 

Shorleniiig of the Method iiccording to Pregl. ^ 

1. Stain in carbol-m ethylene blue for \-\ minnte. 

2. Wash quickly in water. 

3. Decolorize in 50 % alcohol until the section 
becomes pale blue with a slight tinge of grey, 

4. Dehydrate in absolute alcohol. 

5. Clear in cedar oil, &c. 
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(«} Metht/lene-blue-lcmnin inethod o/Nicolle. 

1. Stain with either alkaline methylene blue or 
carbol- in ethylene blue as under (a) and (d). 

2. Wash in water or in |-1 % acetic acid for a few 
seconds. 

3. Transfer to 10 % tannin Bolution (whereby the 
methylene blue ia rendered insoluble) for a few 
seconda, (1 % tannin, ai a matter of fact, will do.) 

4. Wash in water, dehydrate in alcohol, clear in 
oil, &c. Thie method may be recommended for bacilli 
readily decolorized, such its typhoid, glandei's, &c. 

(/) Nieolle's thionin gtain. 

1, Sta.in in thionin solution for J - 1 minute (10 parts 
of saturated solution of thionin in 50 % alcokol + 100 
parts of 1 % carbol water). 

2. Wash in water. 

'i. Decolorize in absolute alcohol, then pass through 
oil, &C. 

This method, like (p), is recommended for bacteria 
that easily part with their stain. 

The methods (a). (6), and (/) are to be preferred 
because of their greater eimplicity. 

Staiaiugr of the Biicteria alone, or Contrast 
Staining. 

I. The method of Pkk-Jacoheon. For film prepara- 
tions. Stain for 8-10 seconds at the utmost in a, 
mixture of Ziehl's carbol- fuch sin (p. 63) 15 drops, 
saturated alcoholic methylene blue 8 drops, aq. dest. 
20 drops. 

The bacteria stain dark blue, nuclei bright blue. 
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the rest of the tissue red. (N.B. — If old, this stain is 
improved by the addition of ii little carhol-fuchsin.) 

II. Eosin and methylene blue. 

For film preparatione. 

1. Stain for half a minute in a freshly-made mixture 
of Loeffler'a methylene blue {p. 61) 30 parts, and satu- 
rated alcoholic solution of eoain 10 parts. 

2. Wash in water. 

Bacteria and nuclei stain blue, cell protoplasm, &c., 
red. 

in. May Gn'inirahVs method (Zentralhl.f. inn. MeJ., 
1903, No. 11), 

Sevei-al litres of 1 ; 1000 watery solution of eosin are 
mixed with the same quantity of a solution of methy- 
lene blue (medicinale, HOchst), of similar strength, and 
after a few days filtered. The portion that remains on 
the filter is washed with water until this passes away 
almost colourless. From this precipitate, when dry, 
a saturated solution in methyl alcohol is prepared and 
used for staining. The film preparations are not fixed. 
They are stained in the cold for a few minutes up to 
as many hours, and are then washed in water contain- 
ing a few drops of tbe solution. The stain can be 
obtained from Dr. Schwalm, MQnchen, Sonnenstr. 10. 
It is especially used for preparations of blood and pus. 
Assmann (M. M. W. 1906, No. 28) lays his preparations 
in Petri dishes, pours over tbem forty drops of the 
solution for three minutes ; adds thereupon 30 c.c. 
of distilled water -f 5 drops of 1 : 1000 K^COj. shakes, 
and allows the stain to act for five minutes ; then, 
without washing, dries, &c. 

IT. Wtiyeri's slain. For sections. 
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1. Stain in wateiy alcoholic gentian violet; for 5-10 i 
minutes. 

2. Wash in iilcohol for 5-10 secooda. 

3. Wash in water for five aeconda. 
t Counter-stain in picrocarmine (p. 79) for 1-12 

5. Wash in alcohol. 

6. Clear in cedar oil, &c. 
Bacteria stain blue, cell nuclei red, rest of tisauo ' 

md to yellow. Tbia stain ia not to lie recommended 
foi- bacteria that are easily decolorized, e. g. typhoid, 
glanders, fowl cholera. Sec. 

T- Gram's Btaia. 

Since only certain kinds of bacteria are stained by i 
it, Gram's stain is used not only for the denionrtration 
of bacteria, but also for diagnontic purposes. 

(a) Forjilm preparaiions. 

1. Stain with warm aniline water gentian violet, or 
aniline water methyl violet (p. 62), for at least two 
minutes. (The best stains are methyl violet, Huchert 
6 B and BN.) 

1 a. Wash in aniline water. (This may be omitted.) 

2. Place for thirty seconds to two minutes in iodine 
and pofewsium iodide solution, (This solution is made 
up as follows ; — iodine 1 part, potassium iodide 2 parts 
ditiaolved in aq. deat. 5 parts. After solution, add 
aq. dest. 295 parts.) When placed in this solution 
there developsinthe bodies of certain kinds of bacteria 
(see p. 69) a combination between the stain and 
iodine that ia insoluble in alcohol. 

3. Decolorize the preparation in absolute alcohol 
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until no more colour is given off. Those bacteria 
that are capable of beinj; stained by Gram are now 
found to be stained blue-black —all other bacteria and 
the tissue elements (excepting some of the celt nuclei) 
are unstained. The preparation can at this point 
therefore be examined in water, or it may be dried 
and mounted in baleam. 

4, Countpr-atain with watery alcoholic solution of 
eafranin or fuchsin for several seconde; or with 
picrocarmine (p. 72j for 2-10 minutes. Counter- 
staining with fuchsin has the advantage that any 
bacteria present ia the preparation that may have 
parted with the violet «tain are much better stained 
with it than with safranin or carmine, 

5. Wash in water. 

Bacteria blue-black ; tissue red. 
lb) Sections (see reraatka under (a)). 

1. Stain in anihue water gentian violet or in aniline 
water methyl violet for 5-30 minutes. 

1 [a) Washinanilinewaterforthii'tyseoonda. (This 
may be omitted.) 

2. Transfer the preparation to the potassium iodide 
solution for 1-2 minutes. The sections here become 
dark brown. 

3. Wash in absolute alcohol until the section appears 
entirely or partly unstained. At this stage the bac- 
teria positive to Gram alone are stained and are 
blaclcish.blue in colour. The preparation may then 
be either cleared in cedar oil &.C or it may be 
counter-stained in order to bnng out the tissue and 

k bacteria which have not stained by Gram 

4. Wnah in water, and thpn countei at\in with picro- 
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carmine (p. 72) or eafranin, or with dilute fuchain, 
for 5-10 minutes. 

5. Wa«h in 60 % alcohol. 

6. Dehydrate in absolute alcohol 

7. Clear in cedar oil, &c. 
If deBirahle, one may carry out 4 aad 5 flrat, and 

then 1-3 followed hy 7. 

Gram-positive bacteria blue-black, tisane red (cell 
nuclei often pale blue to dark blue). Bacteria are 
frequently not stained equally well in all parte of the . 
preparation, 

ModifioatioDS of Oram's method. 

(a) Instead of making up the stains with aniline 
water, one can use 1-21 % of carbol water, in which 
case they keep longer. After Btaining, the prepara- 
tions should he washed in carbolized water of cor- 
responding strength. The addition of one-tenth part 
of a saturated alcoholic solution of methylene hlue iB 
also to be recommended for decolorizing. 

li) For accelerating decolorization according to 
G^nther, alcohol ahsolnto -^ 3 % HCl may be used for 
ten seconds followed hy absolute alcohol ; and accord- 
ing to Nicolle, alcohol absolntc + 20- 30 vols, per cent, 
of acetone. (Nicolle recommends carbol water gen- 
tian violet made up with 1 % carbol water, and 
potassium iodide solution of the following compo- 
sition;-! K-h2Ki-i-200Aq.) 

Thefolloieiiig mieiv-oiyaiiisiiis stain by Gram's method, 
i.e. continue to remain blue-black after treatment 
of the preparation with alcohol: — Anthrax, tetanus, 
tubercle, leprosy, diphtheria, swine erysipehis, mouse 
septicaemia, the pyogenic streptococci and sfaphjio- 
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eooci, Fraenkel's pneumococcus, Mitvococcus tetra- 
genuB, Streptothrii actinomjces, jeasts, potato bacil- 
luH, and others. The ataiii, however, ia only nseful 
for differentiating hacilli such as tetanns, tubercle, or 
leprosy, when it is certain that there are no other 
Gram -positive bacilli present as well in the tissue. 
If the treatment with alcohol is prolonged too far, 
some of the above Grara-positive micro-organ isms 
become decolorized. 

TIte foUoieing micro-organisms do not stain hy Gram's 
method, i. e. pai't with their stain when the preparation 
is treated with alcohol :—'Cn'ho id, coli, and similar 
bacilli. Cholera and similar vibrios, fowl cholera, 
and rabbit septicaemia. B. malignant oedema, and 
the bacillus of quarter evil or rauschhrand (the latter 
two are said to occasionally remain positive to Gram), 
Priedlander'a bacillus, plague, glanders, influenza, 
spirillum of relapsing fever, gonococeus, and meningo- 

ifTien examining the reaction of a micro-organism to 
Gi-am's slain one always uses a young cultaie, and as 
a control puts on a part of the preparation in the case 
of bacilli a smear from ayoung Staphylococcus aureus 
cult 'n tl f ' m from a young 

anth It re Th f th ( a applied cor- 

rectly th a th -a a ta ned blue-black. 

The t tm twth I him tntbe too short, 

ibeca n th t II b t a w II be found io 

be at n d If i -abl th t I lay be cariied 

furth 1 y al p tting pa t f th preparation a 
smear from a young culture of a micro-organism 
negative to Gram's ataio, e, g. coli, typhoid, or cholera 

h i 
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VI, Weigeii's slain for secd'oJis— the so-ciilled Fibrin 
method. 

1. Stain in lithium carmine (carmine 2-5-5 dis- 
solved in flaturated watery solution of lithium car- 
bonate 100) or in watery alcoholic Bolution of aafranin, 
for J-J hour. If deBirable, a stain composed of Ziehl's 
carbol-fuchsin 1 + aq, dest. i may he naed instead. 

2. Wash in 50 % salt solution. 

3. Stain in aniline water gentian violet for 5-30 
minutes — or according to Kilhne the following stain 
is preferable : crystal violet 1, dissolved in absolute 
alcohol 10 ; of this 1 4 aq. dest, 10 -f 3 drops HCL. 

4. Wash in 0-6 % Bait solution, 

.5. Transfer the section to a slide and dry it with 
blotting-paper, 

6. Place it in potaMium iodide solution for 1-2 
minutes. 

7. Dry with blotting-paper. 

b. Decolorize in aniline oil till the oil becomes 
no longer stained. The staining of the section is 
controlled by eiamining it mioroBcopicallj. 

9, Remove the aniline oil with xylol. 

10. Canada balsam. 

The bacteria are stained violet blue, fibiin deep 
blue, tissue red. Picrocarmine is not particularly well 
suited for the preliminary staining of the tissue, since 
the aniline oil extracts the picric acid from the tissue. 

VII. The slain of Claudius. This method yields 
the same result as Gram'H method (the picric acid acts 
tite the potassium iodide solution), gives less precipi- 
tate than Gram, and st-ains the bacilli of malignant 
oedema and rauschbrand blue-black. 
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(a) Fovfilms. 

1. Stftin in watery solution of methyl violet for one 
minute, then wash in water and dry with blotting- 

2. Wash in Eaturu.ted water; solution of picric 
acid + aq. deBt., equal parts. 

3. Wash in water, dry with blotting-paper. 

4. Wash in chloroform or oil of cloTes till the 
preparation is decolorized. 

5. Brj with blotting-paper, mount in baleam. 

(b) For sections (best carried out on the elide). 

1. Stain as above for two minutes. 

2. Wash in water, dry with blotting-paper. 

3. Picric acid as above for two minutes. 

4. Wash in water, carefully dry with blotting- 
paper. 

5. Treat with oil of cloves till the- section is de- 
colorized. 

6. Xylol, Canada bal earn. 

Bacteria blue ; tissue unstained or yellowish, but if 
first counter-stained with carmine can be rendered red 
as in case of Gram. 

Piorocarmine for counter- staining tiaaue in the 
method! of Grftm, Weigert, or Claudius. 

(n) Prepared according to Frifdlander. 

Dissolve carmine 1 in uq. dest. 50 -f ammonia 1. 
Add satiuuted watery solution of picric acid until tlie 
precipitate tlbat forma no longer dissolves on shaking. 
The addition of a little ammonia will redissolve the 
precipitate. To prevent growth of bacteria in the 
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stain a few drops of earboUc are added. Filter befora , 
use. The atain will keep. 

(6) Pivpared according lo Weigert. 

Allow carmine 2 parts + amraonia 4 paita to stand j 
for twenty-four hours. Then add 200 c.c. o 
centrated watery solution of pkric acid. Twentj- 
four hours later add acetic acid drop by drop till 
a precipitate forms, then ammonia drop by drop till 
the solution is clear. 



Capsnle-staiuiag. ■ 

In cover-glass preparations many bacterial capeulea 
take the stain when the prepamtion is warmed for 
a more or less long time in Loeffler's or Ziehl's stains 
(pp. 61, 62) ; the capsules in the foimer case staining 
blue and in the latter violet. Amoug special methodi 
for staining capsules are the following : — 

(b) Friedlandei's method for Jlhns. 

1. Dip the cover-glass for 1-3 minutes in 1 % acetic 

2. Drain off the acetic acid and quickly dry. 

3. Stain for a few seconds in saturated aniline 
water gentian violet. 

4. Wnsh in water and examine therein. In case of 
the capsule being stained bo deeply as to obscure the 
body of the bacteria : — 

5. Wash in I /J acetic acid or 50 % alcohol for ten 
seconds. 

6. Wash iu water, examine therein, andif the stain 
is successfol, dry, and add balsam. 
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For sections. 

1. Stain for twenty- four hours at 37' C. in concen- 
trated alcoholic gentian violet .50 parte + aq. dest. 
IQO + fflacial acetic acid 10. 

2. Differentiate in I % acetic acid. 

3. Dehydrate in alcohol, oil, S;c. 

When 2 is not sufficiently carried out, the capeules 
are stained as intcasely aa the bacterial bodies and 
hide Ihem. 

[h) Ribberfs method (forjllins onlij). 

1. Stain the cover-glase for a few geconda in the 
following solution : — Aq, dest. 100, alcohol abs. 50, 
glacial acetic acid 12-5 -^ dahlia as much aa dissolves 
on heating. 

2. Wash in water and examine therein, or dry and 
mount in balsam. The latter renders the capsules 
less distinct. 

(c) Bunge's method for staining flagdla (p. 78). 

(d) Nicollet method fcr films or sections. 

1. Stain with the following ■miiture: -Saturated 
solution of gentian violet in 9.5 % alcohol 10 ports 
-I- 1 % carbolic water 100 parta. 

2. Wash in absolute alcohol + J its volume of 
acetone. Then in case of cover-glass preparations 
wash in absolute alcohol, or in case of sections paaa 
through oil, &c. 

(«) See for further methods under anthrax bacillus. 
p. 82 ; these are also applicable for several other 
bacteria. 

Spore-staining. 

(a) 1. Stain tho cover-glass preparation in aniline- 
water fnchsin or in carbol-fu chain, heating strongly. 
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(Stain for one hour if the pTcparation is floateil c 
the Bta,in film downwarde, or for ten minutes if the 
stain is dropped on to tlie surface of the cover-glass, 
adding fresh stain to replace any lost byevapoiution.) 
Better penetration of stain Into the spores i 
effected if the preparation is passed thirty or forty 
times through the fiaiue in the fixing. 

2. Wiish in alcohol + 3 % HCL (or 1 % H.S 
3% HNOjl for J-1 minute. 

3. Counter-stain in watery alcoholic solution of 
methylene blue, 

4. Wash in water and eiamine therein, or dij and 
mount in balsam. 

Spoiea red, bacilli blue. 

(6) Preferable because more reliable is the method 
of Mailer. 

1. After fixing it, place the preparation for froi 
five seconds t<i ten minutes in 5 % chromic iieid. The 
exact time of exposure for each micro-organisjn must 
be fonnd by experiment. 

2. Waj^h in water. 

3. Place the preparation in aniline- ivater fuchsia 
or in catbol-fuchsin and heat to boiling-point. 

4. Decolorize for five seconds in S % H.^SO,. 

5. Wash in water. 

a. Counter-stain with methylene blue. 

Prior to treatment with chromic acid the prepara- 
tion may be placed for two minutes in chloroform to 
remove fat-drops, &e., which may simulate spores ; 
the cover-glass is then waaheil in water. 

instead of treatment with chromic acid, the spore 
membrane may be macerated in a eoncenti-ated 
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■olution of iodine a.nd zinc chloride, or in a, aolution 
of hydrogen peroxide, though both are less active 
than chromic a,ci<l. 

According to Aujeezky (Cirbl. /. Bakt., Abt. I. Bd. 
23, p. 329) the air-dried unfixed film preparation 
should be placed for 3-4: minutes in hot i% HCl, 
washed in water, dried, fixed, and then stained as in 
3-6 above. 

Flagella-Btaining. 

Having seen that the organism exhibits definite 
motility in the hanging drop, a portion of its growth 
on some solid medium is taken for flagdla-alaining. 
Fluid media should not be used ; ayoung agar culture is 
especially suitable. The bacteria should lie aa separate 
as possible on the corer-glasa, and the film should 
contain as little of the nutrient material as poaaible. 
This may be effected in the following way ; — A droplet 
of water is laid upon each of six cover- glasses, wliich 
must have beenmoat carefully cleaned. Some growth 
from a culture ia transferred to the first drop, from 
this a trace is transferred to the second, from this to 
the third, and so on. Another way is to add a little 
bacterial growth to a droplet of water on a alide, and 
to transfer from this a trace to a larger drop of water 
to which 1-2 loops of 2 % osmic acid solution have 
been added, Kiom this drop one prepares cover-glass 
preparations. A third method is to make a thin 
suspension of the bacteria in 0'8 % NuCl solution in 
a test-tube, to transfer droplets from it to cover-glasses, 
and spread tliom out without rubbing. The cover- 
glasses are allowed to diy in the air and then fixed 
by passage through the flame. 
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The cover-glusseB muBt always be absolutely clean, 
(For method of deaning, see p. 7.) 

A. Iioeffler'B method of Flagella-ataining. 

1. Place iome of the mordant described below upi 
the cover-giaaB and warm till steam aiisea. 

2. Carefully remote the mordant by washing 
a atream of water. If necessary use blotting-paper. 

3. Wash in alcohol until only those parts where the 
bacteria lie appear stained. 

4. Stain in anilini- water fuchsin and apply heat. 
The fuchain solution is prei>ared according to the 
directions given on p. 62, and to it is added 1% of 
a 1% or stronger solutiou of cauatic soda until a pre- 
cipitate begina to form — i.e. the solution begins to 
become turbid. 

5. Wash in water. 

The mordant consistB of the following mixture ; — 
10 c.c. of a 20% solution of tannin, 5 c.c, of cold 
saturated solution of ferrous sulphate, 1 c,c. of a 
wateiy or alcohoiic solution of either fuchsia or 
methyl violet. 

According to Loeffler this mordant is exactly suited 
for demonstrating the flagella of Spirillum eoneen- 
tricum. For typhoid, an addition of I c.c. of a 1% 
solution of caustic soda to I6c.c. of the mordant is 
necessary, for B. subtilia 28-30 drops, and for B. nial. 
oed. 36-37 drops of the caastic. On the other hand, 
I - 1 drop of a solution of HjSO, (eiactly equivalent to 
the 1% solution of cauatic soda) must be added to 
16 c.c. of the mordant in the case of cholera 
Spirillum rub rum. 



1 
4 



ided to I 

2T& and 

M 



78 STAINING METHODS 

According to Nicolle a.nd Morax, neitlier caustic 
nor acid need be added it' the ptepanition is treated 
in tiie mordant Ibr three ur four times in succession 
lor ten seconds each time until steam is giren off 
(not boiling), and carefully washed in water between 
eacli application of the mordant. Instead of being 
washed in alcohol as directed in 3 above, the [irepara- 
tion may be washed in water. 

The formationof precipitate on the preparation can 
be avoided by very careful washing. To this end also 
it ia practicable when applying the mordant or stain 
to cover the film with a small piece of blotting-paper, 
and to apply the fluid on the top of it, 

Bunge's modification. 

1. The following mordant is applied; — 

3 parts concentrated watery solution of tannin, 
1 part liquor ferri seBquicblor 1 :20 aq. ; to lOc.c, of 
this mixture add 1 c.c, of a concentrated watery 
solution of fuchsin. This mordant should be kept for 
at least several days before use. Immediately before 
use peroxide of hydrogen is added drop by drop till 
the mordant asBumes a reddish-brown colour (about 
14 drops of 3 % HjOj solution to 5 c.c. of the 
mordant are required), A few drops of the solution 
are then Altered on to the cover-glass and the latter 
warmed over the flame for five minnles. When H^Oj 
has been added to it, the mordant keeps for only 
a short time. 

2. Wash in water. 

8. Dry between blotting-paper, 
4. Stain with carbol gentian violet (prepared in the 
same way as Ziebl's solution, p. 69 (<()), and heat gently. 
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5. Placefori--lminuteiivl%acetic[W!ui. (Maybe 
omitted.) 

6. Wash in water, dry, mount in balBam. 
The abo\-e method can be applied to all bacteria 

without any addition to the mordant. CapBules 
ntained by it, especially if before being subjected to 
the mordant the preparation is placed for i-l minute 
in b% acetic and then washed in water. 

TTie Modification of Coemer and A. Fischer. 

1. Place the preparation in the following mordant, 
and heat for one minute without boiling :— Tannin 
2 grams, water 20 grams, solution of ferrous sulphate 
of 1 : 2 strength 4 C.c, saturated alcoholic solution of 
fuchsin 1 c.c. 

2. Wash in water. 

3. Stain with aniline-fucbsin, or with carboU 
fuchsin, or with saturated watery solution of 

4. Wash in water. Dry. Mount in balsam. 

This method is applicable for all bacteria without 
any addition to the mordant. 

B. Van Enaengem'a Uetbod. 

1. Place the cover-glass preparation for half an 
hoar in the cold, or for five minutes at a temperature 
of 50-60~C., in a mixture of 1 part 2% osmic acid and 

2 parts 10-25% tannin solution, to which mixture J 
4-5 drops of glacial acetic acid are added per )0Oc.e.J 
The mixture should, if possible, be a few days old. 

2. Wash in distilled water. 

3. Wash in absolute alcohol. 
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4. Immetee in 0'25-O'5% silver nitrate for a, few 
seconda. 

5. Without washing, jjlace for a few seconds in the 
following solution :^Gftllio acid 5-0, tannin 3'0, fused 
acetate of soda ID'O, aq. Aent 350 c.c. 

6. Place the preparation back in 4, and keep it con- 
stantly moving till the solution begins to becomo 
black, 

7. Wash in much water. If the staining ia not 
sufficiently intense repeat 5-7; but if too dark, 
immerse in chloride of gold 1:3,000 for a moment, 
carefully wash, and enpose the preparation for a few 
days to the light. 

8. Dry with hlotting-paper ; mount in balsam. 
Bacteria hlackish-brown ; flagella black. 

The method may be applied to all motile bacteria 
in the same manner. Beat carried out in bright 
daylight. 

C. Zettnow'B Method iKlin. J,ih,-h. Bd. XI, p. 379 ; 
older communication Zschr.f. Hyg., Bd. 30, p. 95). 

1. Preparation of the film by the osmic acid method 
(see p. 76). 

2. Mordant. The cover-glasses are fixed in the 
flame, and laid face downwards in a ' block capsule ', 
which is well filled with the mordant and placed 
for 5-7 minutes on an iron plate which is at a tem- 
perature of about 100^ C. 

Preparation of the mordant. Make a solution of 
10 parts tunnin in aq. 200, and warm it up to 50- 
60" C. Add 36-37 c.c. of a solution of 2 grams tar- 
tarua stihiatus (antimony tartrate} in 40 of water, 
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and heai till the precipitate di^olves. I 
the mordant is very turbid (milk-white; teat by 
pouring it into a teBt-tubc) add some tannin solution ; 
but if clear, add 1 c.c. of tartrate solution. The mor- 
dant should on no account, form any precipitate, and 
it should be quite clear on heating. The addition of 
thymol ensures its presei-vation. The mordant should 
be applied warm and in clear condition. 

3. Allow the capsules to cool down until the mor- 
dant begins to become turbid, then wash carefully 
with water. 

4. On the cover-glass put 3-4 drops of ethylamine- 
silver solution, and heat until it fumes well and the 
edges of the film (these alone) become blackened. 

Ethyl a mine- silver solution. 2-3 grams of silver 
sulphate arc thoroughly mixed with 200 aq., in order 
to obtain a saturated solution. The desired quantity 
of this, together with an equal volume of water, is put 
into a test-tube and 33% etbylamine solution, added 
until the precipitate which forms is dissolved. The 
solution keeps well. The brown tinge which it 
gradually acquires is of no importance. 
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Special Staining and Culture 
Methods for the most im- 
portant Pathogenic Micro- 
organisms and a few others 

1. The Anthrax BacillnB. 

B. anthracis grows on all ordinai-y culture media, 
liqueBes gelatine, stains easily, and is Gram-positive. 
It is non-motile. Spore- formation occurs most quickly 
in the hot incubator, but does not take place below 
16° C, or in the animal body (when whole). 

The presence of B. anthracis in the body is proved 
bj culture and by animal experiment (subcutaneous 
injection of mice and guinea-pigs). In the case of 
decomposed materia! the animal experiments some- 
times fail, while plate cultures succeed. In the 
blood of infected animals which cannot be examined 
at once, the anthrax bacilli retain their vitality for 
some considerable time if the blood is dried in thick 
layer on glass. For demonstration of anthrax on hair, 
&c., wash the hair in alkaline broth and heat for 
half an hour to 80° C. (the anthrax spores survive), 
centrifugal] ze, and inoculate the sediment into animals 
and plates. 

Joh}ie.i method of staining the capeulc nf B. anihracit 
in linear prepatxtiions of organs. 

I. Stain in 2 /i watery solution ot methylene 
violet, applying moderate heat. 
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2. Wash in water for two seconds. 

3, Wash in 1-2 % acetic acid for S-10 seconda. 
i. Wash in water and examine therein. 
If the preparation is dtied and mounted in holsam | 

the capsules disappear. 

The capRulea may also be demonstrated bj warming i 
the preparation in a solution of Safranin (three , 
of Safranin diaaolved in 100 c.c. of almost boiling i 
aq. dest. : when cooled, the solution is filtered}! 
Another method of demonstrating capsules ia by ' 
staining with gentian-violet la cold, saturated solution 
of the dje in formalin; filtered). In this case the 
smear preparations arc not Sxcd, and are subjected ' 
lo the stain for thirty suconds ia the cold. Tha 
preparations are examined in water. 

The possession of a capsule sometimes enables B. 
anthracis to be distinguished from bacilli that 
resemble it in appearance, and are apt to occur in 
the animal body when decomposition has begun ; but 
positive cultures and animal experiments are always 
also necessary before a definite decision can be given. 

7'ke Piepaiviion of Spore-lhnada 

Agar, or potato cultures in which the presence of 
spores has been proved by microscopical examination 
are broken up and emulsified in sterile water. Sterile 
silk threads (No. 4 or 5) 1-2 cm. long are soaked in 
this emulsion (or are rolled directly on the agar 
culture). They are then dried on sterile plates in the 
exsiccator, and preserved in sterile tflst-tubes ii 
dark. Handle the threads with care, owing to the 
danger of spore inhalation. The use of these threads J 
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for testing ilisinfecl-antE ia described on pp. 48, 49. 
As a. rule they withstand steaming at 100° C. for 2-5 
minute B. 

S. The Tnbercle Bacillns. 

The usual media for B. tuberculosis are blood serum 
(best for cultivation from the bodj), glycerine agar 
(optimum 4% glycerine), glyeerinated potato {wedges, 
see p. 27, are boiled in water containing 4 % glycerine 
and the fluid then poured away), glycerine broth 
(growth occurs only in the form of particles floating 
on the surface). Cultures must be kept at a tempera- 
ture of 37° C, and growtb is very slow. Drying up of 
the medium is prevented by covering the culture 
tubes with a rubber cap, There ia practically no 
growth on gelatine, peptone-agar, &c., or at room- 
temperature. The tubercle bacillus is non-motile. 

Special media, giving good growth already after 
eight days, are Hesse's Heyden agar, p. 88, or 
Fieker's brain medium. The latter is prepared aa 
follows: — 

Finely chopped brain is mixed with an equal part 
of aq.dest., and warmed to boiling, constantly shaking. 
The mixture is boiled for a quarter of an hour, then 
strained to a thin pulp. With this is next mixed, 
without neutralising, an equal part of 2'5 % agar 
dissolved in aq. dest. ; 3 % of glycerine is then added 
and the whole sterilized. When the medium is 
poured into tubes, the tubes should be well shaken, 
and then set quickly before the layers of brain and 
agar have time to separate. 
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SfetbodB of Staining the Tubercle BacilluB, 

Tiiberule bacilli stain with difficulty, but when once 
9ta.ined retain the atain very firmly. The following 
methods deDionetrate only tubercle bacilli, and similar 
so-called acid-fast bacilli. As regards differentiation 
of the latter from tubercle bacilli, see p. 91, In these 
proceaseii the tubercle bacilli take the piimary stain, 
whilst other bacteria and the tissue elements take the 
counter-stain. 

(a) The following two staining methods are most 
to be recommended : — 

Forfilnis. 

1. Stain with aniline water fiichsin, or with carbol 
fuchsin for two minutes, boiling repeatedly. 

2. Decolorize for 2-5 aeconda in 5 % H,SO„ or in 
25 % HNO,. 

3. Wush in 70 % alcohol till the film appears 
colourless (if thia does not occur qnickly, repeat 2 
and 3). 

4. Counter-etain with either saturated watery 
solution of methylene blue, or with LoefSer'u blue 
(p. 61), 1 part and 3 parts of water for 5-10 seconds, 

5. Wash in water. 

For sections. 

1, Stain in aniline water fuchstn (carbol-fnchain 

ia not BO good, because the preparations are less clean) j 

for ftom fifteen minutes to twenty-four hours, I 

2. Decoloi-ize for ten seeondu in 5 % H^SO,, or in 1 
20 % HNO,. I 
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blue 1. cryBtallized Boda 0-2, aq. 100, for a few up to 
20 teconde without applying heat. Wash in water. 
Parasites blue, red corpuscles greenish. 

b. Double training tirith Eositt and Methylene Wue 
according to Flfhn. 

1. Stain in the following mixtare for 5-6 minutes 
(warming slightlj for one minnte) :— 

60 c.c. saturated watety solution of methylene blue. 
20 C.C. i% eoein dissolved in 75% alcohol, 
40 c.c. aq. deet., ^H 

12 drops 20% caustic potash. ^H 

2. Wash in water. ^B 
Nuclei of the leccocytes dark blue, plasmodta briglit 

bhie, erythrocytes and granules of the eoainophile 
(iells rose coloured. 

c. Chrotnatin stain of Somaaowskg-Nochl ■ 

2-3 drops of 1% wateiy solution of eosin are diluted 
with 1-2 c.c. of water. To this ia added drop by 
drop a solution in water of 1% methylene blue med. 
pur. H&chat, and J% soda, which mixture must have 
been kept for two days at 50-60^C., or eight days at 
37' C. After which it is used cold. The alkaline 
methylene blue solution ia added until the eoain 
solution becomes so dark that no traces — or scarcely 
any — of the colour of the eosin are perceptible. On 
the surface of this mixture of stains the cover-glass 
preparations (which should not be more than a few 
months old at the outside) are allowed to float for 
5-10 minutes. Wash in water, dry, mount in balsam. 
The stain is freshly mixed for each preparation. The 
chromatin of the malarial Plasmodium is shining red, 
its protoplasm blue ; Jeucocyte nuclei red to violet, 



their protoplaeu blue ; red blood corpuscles rosy to 
brownish-red. A modification of the method for old 
dried filma bus been described by Ruge, Zeit.f. Hgg., 
Bd. 33. 

d. Chromatin stain according to Giemsa (a modifica- 
tion of c). (Centr.f. Bakt., Abt. 1, Or. 37, p, 308.) 

1. Fix the preparations in ethyl alcohol for 15-20 
minutes, or (only for 2-3 minutes) in methyl atooliol. 
Remove the fluid by blotting-paper. 

2. Stain with Giemsa's solution for Romanowsky 
stain, which can he obtained from Grilbler, Leipzig. 
Fill this stain into a drop-hottle (which before use 
must he rinsed out with absolute alcohol). To some 
water which haa been warmed in a test-tuhe to 
30-40°C. add, while it ia being shaken, 1 drop of the 
stain for each cubic centimetre of the water. (The 
freshlydilutedstoiu is run on to the cover-glass prepam- 
tiona and aUowed to act from 10-15 minutes.) 

3. Wash in running water. 

4. Dry, and mount in balsam. 

The staining resembles that seen in c. The method 
is applicable for staining sections and farther for 
tryimnosomes, piroplasma, &c. 
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■ ^^ 

Methods of obtaining Material 
from the Body for Bacterio - 
logical Examination ^H 

(BcviseJ an.1 amplified by Dr. T. J. Border, F.R.C.1*|^H 

VABioDasecretionB.pathologicaleiudates.and other 
fluids which are to be eiamjned bacteriological ly 
are removed and preBerved in such a, manner that 
(1) they do not become contaminated by extraneous 
micro-oi-ganisms, and (2) they do not come in contact 
with disinfectants. 

(I| Blood, .i. Small quantities of blood, snch as are 
required for Wictal'g test or other agglutination 
reactions (see p. 122), the technique of phagocytic or 
opsonic indices (see pp. ITO, IT^), the investigation of 
bactericidal action (see p. 169), or the prepara- 
tion of culture media, may be best withdrawn 
from the slcin at the dor^ surface of the teiminal 
phalanx of the finger. The finger is scrubbed with 
soap Qjid water for some minutes and is then rubbed 
with sterile wool soaked in equal parts of absolute 
alcohol and ether. The cleansing process ensures 
disinfection of the skin and also induces a good flow 
of blood to the part. The blond flows more freely 
from the puncture if an elastic band is wound round 
the proximal part of the finger immediately before 
the puncture ia made. This object is also ensured by 
Bwinginff the arm well before the elastic band is 
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used. It is also further ensured bj flexing the 
terminal joint of ihe finger. When a small lancet 
or bayonet-pointed needle ha,B been sterilized in the 
Buneen flame, a little alcohol is poured over the finger 
and allowed to evaporate. The puncture is then made. 
If these directions be carried out a considerable 
amount of blood ma; easily be obtained, llie blood 
is collected in capillary tubes, the seaJed ends of 
which are broken off by sterile forceps and passed 
through the fiame, to be sealed aftei' the blood has 
been drawn. The size of the tube varies with the 
amount of blood which it is required to collect. The 
puncture wound may be cloaed by application of 
a little collodion. 

If the serum is required, this is allowed to separate 
by standing the blood in the ice-chest ; or its separation 
is promoted by centrifugalizing. The tube is then 
broken by sterile forceps, and the end of a fine giass 
pipette is introduced into the serum, which rises into 
the tube to any measured distance. From this tube 
the serum may be transferred to any required vessel, 
and, if necessary, diluted to any desired degree. 

B. Larger quantities of blood, such as are required 
for purposes of blood-culture, are best obtained by 
puncturing a good-sized vein at the bend of the 
elbow with a sharp, clean hollow needle attached 
to a glass syringe capable of holding 5 or 10 c.c. 
Needle and syringe are boiled in distilled water 
immediately before use. The akin over the vein is 
cleansed as tn A, the arm is allowed to bang down 
fully extended, and, if the vein is not already rendered 
prominent by this means, a bandage is tied round the 
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nm) near the shonlder. Itii advisable to draw up L 
the neck of the lyringe a little of a, 0-5 % at^Til4 
solution of smlinm citrate to prevent clotting ii 
needle. The needle ii then interted into the- 
being taken to hold the fringe as far as 
parallel to the mrface of the arm: b; this n 
puncture of the opposite wall of the v 
If the needle is in the »ein, the blood will t 
will often fill the lyringe without suction | 
employed ; no more suction than is necessarf ■ 
the Rjringe in a reasonable time must be used,^ 
tends to introduce air at the junction of the^ 
and fiyringe. This method of obtaining bloolU 
fnr the beet when it is required for purpi. 
dctcrmiuing the presence of micro-organiami^ 
because the blood at no time comes into c 
the skin or with the air. The a 
needle is quickly withdrawn, a finger t 
upon the puncture wound whilst t 
uioveti tlie bandage and raises 
ture then ceases to bleed, and may 1. 
0, little collodion. For purposes of bloc 
blood ia now squirted into tlibes of v 
and these are incubated at 87' C. The ^ 
graduated, definite amounts of the 1 
added to broth tubes, or tow 
thus a quantitatire estimataon of I 
present in the blood may be oibtained. 
of preparing blood-media for the g 
philous organisms, proceed as on p. 149, 
C. Blood irom the cadaver ia withdr 
heart by searing Oie snrfitce of the i 
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pointo of the iliac crests is that of the fourth lumbar 
veitebra. The puncture in mode midway between 
this spine and the one next above or below it. In an 
aUult a point ie choBon ^ inch, in an infant somewbut 
IeB8 than \ iucli, from the middle line. The direction 
of the needle in an adult u important : it should be 
forwards, inwards, and upwards. In infants the direc- 
ttun may be almost stnkight forwards. The needle is 
pushed firmly onwards until the gap between the 
laminae ie entered, and fluid flows from the needle. 
If the course of the needle seems obstructed it must 
be withdrawn a short distance, any faulty direcliou 
corrected, and a fresh attempt be made. Suction b; 
the piston ia not required ; if the needle is in the 
spinal canal and its orifice is patent any fluid present 
will flow, whether there be meningitis or not. A dry 
puncture may mean that the needle has not entered 
the canal, or that it has struck a nerve root, or that 
the pus present is too inspissated to flow. The first is 
the most usual explanation. 

B. From the cadaver cerebrospinal fluid may be 
obtained by lumbar imiieture, or it may be collected 
from the ventricles of the brain or from the distended 
pia-arachnoid membrane by sterile glass pipettes, 
which are sealed immediately afterwards. 

(Ill/ FuB and various pathologioal exudates aie 
best witbdi-awn by a sterile syringe, after thorough 
disinfection of the skin. The syringe i.t taken to the 
laboratory, or the material ia transferred from it to 
steiile teat-tubes, or ia sown directly into tubea con- 
taining sterile water, from which cultures may be made 
later upon appropriate media. 



(IV) Secretion ov membrane from tlie throat 
(Cases of sore throat, suspected (tiphtheria, &c.}. With 
the patient's mouth well illuminated, and the tongue 
depressed, touch the diseased part with a sterilized 
platinum loop or with a plug of sterile wool fixed to 
a wooden rod or wire (i. e. a ' swab '). It is an advan- 
tage to keep these throat swabs in a sterilized tuhe, 
the handle of the inatniment projecting so that it can 
be readily grasped. Such swabs are obtainable from 
most bacteriological laboratories. In removing the 
material, care must be exercised that the affected 
part of the throat is really touched--if any doubt 
arises, the operation must be repeated. After touch- 
ing the part, the swab or loop is replaced in its tube, 
unless the examination can be made forthwith. Care 
should be taken to prevent the material from drying 
up, as some bacteria (e.g. meningococcus) rapidly 
perish under the influence of desiccation. For exact 
determination of the kinds of bacteria present, and 
their relative abundance, it is essential to make 
quantitative dilutions of a known amount of the 
material (e.g. a standard loi>pful of it). Ntual recre- 
tioH is removed in a similar manner ; the operation is 
facilitated by the use of a speculum and a head 

(V) Sputum should be obtained as free from food 
and from saliva as possible. It should be expectorated 
directly into a clean vessel, which, of course, contains 
no disinfectant. In making the necessary examina- 
tions care must be exercised in selecting portions of 
the sputum most likely to give positive results. Thus, 
if the question of tubercle bacilli is under investiga- 
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which Ihis ikction appeat-e to dei^nd he found to Lt 
thrrnio-gtable, specific a,nd onlj preE.'tit in immune 
bloods. Saturation experimentE further showed tbiti, 
when preaent, they could not be removed bj the 
bacteria in question, a.e can be done in the ca«e of 
opBonina. 

Their presence ma; be demonstrated either b; 
L^ish man's original method or by Wright nnd 
Douglas's modification. In the former instance, a 
trace of the serum of an inimunis^ed person or aniinul 
— from Vs to lio of the total volume of the mixture 
of blood and bacterial suspension -is added to the 
normal blood, the control specimen having a similar 
addition of a normal serum in order to make the 
results comparable. The phagocytic ratio is then 
a.-jcectained in the uitual way. When dealing with 
bacteria which are susceptible to the action of 
bacteriolytic substances in the immune semm it is 
well to heat the immune serum before adding it to 
the normal blood. 

The modification of W. and D. may also be used. 
In this, the leucocytes of the blood are freed from the 
blood fluids by citration and a series of washings and 
centrifugingB, the serum being finally restored at the 
moment of adding the bacterial suspension. The 
whole of the serum used in the cstimatioji must be 
previously heated to 60° C. for 15 minutes in order to 
remove any thermolahile opsonin that may be present 
and, alio, to obviate the under-estimation which may 
reeult in the case of a strongly bacteriolytic scrum. 
The following mixtures are prepared :— 
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whii^b Ihis ikctinn appi-in'E to ile|jen<l he found lo hv 
thcrnio-stable, specific and only prea.'nt in iroiuune 
bloods. Saturation eiperimcnte further Bhowed that, 
when preaent, they could not be removed by the 
bacteria in question, as can be done in the case of 
ope nine. 

Their presence may be demonstrated either by 
Leiahman's original method or by Wright iind 
Douglas's modification. In the former inatance, a 
trace of the aerum of an immoniKed person or animal 
— from ^j to iJjj of the total volume of the mixture 
of blood and bacterial aaapension -is added to the 
normal blood, the control specimen having a similar 
addition of a normal serum in order to make the 
results comparable. The phagocytic ratio is then 
ascertained in the usual way. When dealing with 
bacteria which are susceptible to the action of 
bacteriolytic substances in the immune eerum it is 
well to heat the immune aerum before adding it to 
the normal blood. 

The modification of W. and D. may also be used. 
In thia. the leucocytes of the blood are freed from the 
blood fluids by citration and a aeries of washings and 
centrifuginga, the aerum being finally reatored at the 
moment of adding the bacterial auspendon. The 
whole of the aerum uaod in the eatimatiou muiit be 
previously heated to 60° C. for 15 minutes in order to 
remove any thermolabile opaonin that may be present 
and, also, to obviate the under-eatimation which may 
result in the case of a strongly bacteriolytic serum. 
The following mixtures are prepared : — 



IN RELATION TO IMMUNITY 
1- ' Control ' tube. 

Heated normal serum . . -i voluu 

Bad-erial saspension . .1 ,, 

Washed blood cells . . , 3 „ 

Heated normal Beram {I dilution) . 1 „ 
2. ■ Stimulm ' tube. 

Heated normal serum . . .3 voIumeB. 

Bacterial suGpeneion . . .1 „ 

Washed blood cells . . .3 

Heated immune serum (! dilution) 1 „ 

The difference in the contents of the two tubee 

in the addition to tube 2. containing heated non 

senim, of a trace of the heated inimnne serum, the 

poMible effects of this dilution of the serum being 

controlled in tube 1 by a similar addition of dilated 

and heated normal serum. 

Films are then prepared in the usual way ailer 
incubation of the tubes for 15 minutes at a tem- 
perature of 37° C. ; these are stained, the ingested 
bacteria enumerated in the polynuclear lencocytes 
and the average calculated. Th.' ' stimulin ' eli'ect is 
recorded by dividing the phagocytic indei of the 
' stimolin ' tube (No. 2| by that of the ' control ' tube 
(No. I). 
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Inoculation and Post-mortem 
Examination of Animals 

Inoculation. 

Hair or feathera, if they interfere with the inocula- 
tion, ate removed, the akiji is cleansed with Boap, 
fallowed by alcohol, and sterile water, 

1. Ciitaueoiis iiioculnlian. ]<jither the skin 18 slightly 
incised and a platinum loopful of the material inserted 
into the wound, or the nkin is scratched and the 
material well i-ubbed in. 

2. Subcutaneotis inocuiation. 

a. Ill a pock: t of ekin. A fold of akin is rajsed up 
with the forceps, a small opening made in it with 
sterilized sciisora, and a ^mall pocket made in the 
aubcutaneoua tissue either with the point of the 
scissors or with a sterilized lancet. Into this pocket 
the material is introduced by means of a platinum 
loop. 

Rats and mice are inoculated preferably at the root 
of the tail. They are grasped by the neck with 
dresaing-forcepB, and the tail ie held in the hand. 
Guinea-pigs are inoculated on the chest or abdomen, 
rabbits in the ear, and birds in the breast, 

b. With the springe. Different kinds of syringe ale 
used for subcutaueona injection. Among the best are 
those of Pravaz (with asbestos plunger), Koch, Stro- 
Bchein, or LoefUer (with easily improvised rubber 
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plunger). The ayringe must "be slerilizeJ before and 
after uee, either in the steamer, or with alcohol and 
ether. PreTioue disinfection of the skin at the point 
of injection Ib unnecesaarf. The injection is made at 
the places mentioned ahove (gainea-piga under tlie 
skin of the abdomen). 

3. TnlixtperHaneal injection. The akin isinciBed and 
a can Q la passed through the muscular wall into the 
peritoneal cavity. 

4. Intramuscutar, or iatmpleuml injtctiotts are made 
03 above. 

5. Injection into the blood-siivam. Expose an easily 
accessible vein (i. e. the external jugular), introduce 
a finelj'pointed canula, and inject in the direction in 
which the blood is flowing (i. e centripetally). Care 
must be taken to avoid introducing air, or death may 
result from air-emboliara. In rabbits the ear vein ia 
generally made use of for this purpose, und prior to 
injection pressure is exerted on the root of the ear 
to cause the vein to enlarge. If, when the injection 
is made, the surrounding tisane ia distended, it is 
a aign that the fluid ia not being injected into the 

6. Injection into the stomach. A plug of wood per- ' 
forated by a hole i» inserted between the front teeth, , 
and through the hole in this plug a rubber catheter 
is passed into the stomach. The material i 
poured down the catheter intfl the stomach. In the 
case of larger animals the material may be introduced i 
into the stomach by enclosing it in pieces of potato. 
Acavity is Jnade in a small piece of potato, Rtleit with 
the material, and closed over with potato. The piece 
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of potato is tben preaged back a^nrt tbe pharynx oF 
tbat it is ewallowed. Infected piecet 
of bread may be made use of in the Bame way. 

7. InferUon bi/ feeding. When the infected material 
IB not in itaelf nutritiouB it can be adniiniatered miied 
with some food (e. g. a culture smeared or powdered 
on bread). 

8. Infection hn the air paumgea. This is effected by 
causing animals to inhale, in a tightty-cloeed inhalation 
apparatus, air contaminated with bacteria, or with 
infected dust. Or the material may lie injected 
directly into the trachea. 

Doaage of Inooulation Haterial. 

Quantitative injections are effected in the following- 

1. iluiil maleriali. The quantity decided upon is 
measured out, dilution with sterile broth or with 
0-8% NaCl solution being resorted to if necessary for 
this purpose, and the injection is then made with 
a graduated syringe. 

2. Solid materials. For removal of the material, 
use may be made of a platinum loop at the end of 
a short platinum wire, the other extremity of which 
is fastened to a handle by a screw arrangement (like 
a certain form of pocket penoilj. This detachable 
platinum loop is first stuck into a piece of cork and 
weighed, then charged with the inoculation material 

ighed. The diiferenee between the two 
weighings gives the weight of the inoculation mateiial 
attached. The contents of the loop art- then distri- 
buted in a definite quantity of sterile fluid in auch 
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manner that an eaail; measured quantity of the sus- 
pension (e. g. 0-5 c.c.) contains the quontitj of the 
material which it ia desired to inoculate, and after 
thorough shaking, this quantity is then injected. By 
using the same loop, the same inoculation material, 
and t'j filling the loop with as far as poasible the 
same amount of it, equal results are obtained, and the 
weighing taay be dispensed with. To this end a series 
of loops should be ke|it in stock of such size that 
they require about 2 aigr. of twenty-four hours' agar 
culture to completely fill them- so-ealleU Normal 
Loops. Measurements for the preparation of loops of 
standard size have been giTen by Czaplewski, 

Determination of the If umber of Baoteria in the 
Dose of Material Inoculated. 
The material is withdrawn from the cullure as 
described above, and a quantity of the suepension 
equal to that used fur injection is sown on agar or 
gelatine plates. If desirable, the suBpensioii is first 
diluted with a measured quantity of sterile broth or 
C-S% salt solution, and an aliquot part of this dilation 
Bown, The colonies that develop are counted as in 
the case of plate cultures from samples of water 
(p. 195). In a similar manner the bacteria in otl 
kinds of material may be estimated. 

Preservation of l!xperlmental AnimalB. 

Mice and rata can be kept in labelled glass boses 

or jars with wire covers, and guinea-pigs in stone pots 

with wire tops laWUed with thi'ir weight, sei, and 

distinctive markings. Special diagrams of the outline 
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^^^^M gtAaiive h&i diied, it is covered over with a. lajer of 
^^^H varnish, 

^^^V 4. One heats a metal compound of low iiielting- 

^^^V point (e.g. Rome's metal, fusible metaj, &c.| in a. 

^^^f Bunsen burner, and allows a drop of it to fall from 

^^^ a height of 1" J meter on to a glass plate. The flat 

metal disk thus produced from the drop is applied to 

the mouth of the tube after removal of the rubber cap, 

itp overlapping edge is pressed firmly down round the 

rim of the tube, and the latter is hermetically sealed 

by gently rotating it and at the same time warming 

it over the Bunsen burner. 

6. The rnbbei' cap and plug of wool are removed 
and the tube fused a short distance below its orifice. 
Take care that the medium is not impaired by the 

N.B. — Tubes which contain condensation water are 

always kept in a horiaontal position, or this water is 

carefully poured olt before treatment with fornialin. 

Plate cultures may be preserved as follows; — 

1. Two drops of formalin are placed on the inside 

of the cover, and the plate is allowed to stand for 

twenty-four houi-s. Whenever practicable, the plate 

should be inverted so that the formalin does not drop 

on to the medium ; and a good method is to fasten 

a piece of blotting-paper on the cover of the plate, 

and to moisten this with the formalin. If at the end 

of twenty-four hours the formalin has not all etapo- 

rated, the remains of it ar.' removed and a broad rubber 

' band placed over the edge of the plate. 

. 3. The culture is inad<: on plates of which the cover 

I is considerably larger than the other half of the plate. 



AND ORGANS OF ANIMALS !91 

Aftir growLb haa taken place the plute is then trpuled 
with formuHn as in 1, and sealed off with malted 
paraffin at the point of contact. 

3. The culture is made in a, flat flask, shaped like 
a flattened teat-tube, and dealt with as directed in 
the case of tube cultures. 

Portions of agar and gelatine cultures can be pre- | 
served in the followino; ways ;— | 

1. Treat with formaldehyde ag directed above. 
Carefully excise the i>arta to be preserved, and transfer 
them to slides lor dry over H,S04 till only a thin layer 
remains). Cover with glycerine and with a cover-glass, 
and ring with asphalt -varnish. The appearance at 
the colonies ia impaired by this treatment, and the 
method is only applicable for agar plates. 

2. Make a plate culture on a cover-glass, and after 
development has taken place, dry over H.SO,, Stain 
as in case of a dry preparation, and mount in Canada 
balsam. (Not suitable so much for inspection of 
colonies as for stud; of the arrangement of bacteria 
in them.) 

c. 'Presei-eation of organ« of animaU for purpose of 
demonstralion. 

1. Place the organs in the following sulntlon until 
completely decolorized ;— Water 4,000, fonnalia 800, 
potassium acetate 85, potasuium nitrate 45. 

2. After allowing the fluid to drain off, place in 80% 
alcohol till the natural colour returns. 

3. Preserve permanently in the following solution : — 
aq. dest. 900, glycerine 300, potassium acetate 200 

s method). 
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Bacteriological Examination 
of Water, Milk, Shellfish, 
Vegetables, Sewage and 
Sewage Effluents, and Soil 
and Excremental matters 

(Revieud and amplified l.y Di-. A. C. Houston. Director 
of Water Eianiiaationa, Metropolitiin Water Board), 

General Retnarki. The UBual object in making 
a bacteriological exaniinatioa of water, milk, eoil.&c., 
m to determine the quality thereof iu reliitiou to 
undesirable pollution. With this end in view, the full 
bacteriological examination is of threefold description; 
attention being directed towards aBcertaiuing (I) the 
total number of bacteria present per gram or cubic 
centimetre of the material; (3) the relative abundance 
of certain definite bacteria aignificant of pollution; 
(3) the presence or absence of certain specific patho* 
genie bacteria. In all three cases the examination 
should invariably be quantitative. 

Total number of bacteria and number of apoi-es of 
bacteria. This is usually estimated by cultivating a 
known quantity of the material in gelatine plates 
at 20-22° C. The number of colonies is counted usually 
on the third day. The number of bacteria, capable 
of developing at 37" C. can be determined by agar 
platee made in the same way, the colonies being 
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coiiuted usually on the second day. If it is desired 
to eatimutc the number of spore-bearing hactcrio, 
present, a known qua.atitj of the material is heated 
to 80° C. for tea minutes before being submitted to 
cultivation. The ratio between these tKree testfl is 
often of importance. If a series of dilutions have 
been made, it is possible to form an estimate of the 
total number of micro-organisms present by inoculat- 
ing tubes of fluid media (e.g. broth tubes) with falling 
quantities on the decimal scale, and by observing 
the dilation at which growth is no longer positive 
(e.g. 10,000, not 100,000 bacteria per c.c, ; &c.). 

Bacteria sigiiificaiii of polhitlon. Escre mental 
material ia the usual form of pollution for which 
substances of the 'above description arc examined ; 
and the index bacteria estimated are B. coli, strepto- 
cocci, and spores of B. enteritidia sporogeaes (Klein). 
It has been shown (L.G.B., 1902-3) that normal human 
excrement contains these bacteria to the following 
extent per gram ;— B. coli (fiagirac) about lOO 
million; streptococci at least 100,009; sporea of B. 
enteritidia spoiogenes about 1 iiiillion. It has also 
been fouud (second and fourth reports R.S.C.) that 
ordinary sewage contains these bacteria to the follow- 
ing extent per c.c. B. coli about 100,000 (over 75% of 
them flaginac) ; streptococci at least 1,000 ; spores of 
B. enteritidis BporogeneH 100 to 1000. The foregoing 
figures are ouly approximate. By the relative 
abundance, therefore, of these index bacteria, in a 
given sample, the amount of faecal contamination 
contained by it can approximately be measured. 
B. coli is iiEUally csfimateil by inoculatiugthe glucosu 
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bile-salt medium of MacConkey with measured quanti- 
ties of the material under examination. Streptococci 
can be estimated either bj inoculating broth tubes in 
the same wa; and examining their growth micro- 
scopicaltj (Gram-stained specimens) after incubation 
for 48 bom's at 37' C. or by making surface cultures 
on plates of agar or Drigalaki and Conradi'e medium 
and subculturing the smallest colonies that develop. 
Spores of B, enteritidis sporogenes are usually esti- 
mated b; inoculating milk in similar fashion and then 
incubating this milk at 37° C. anaerobically after 
subjecting it to a temperature of 75° C. for 10 minutes 
in a water bath. If the enteritidis change takes place 
in the milk, the result is recorded as positive. 

It is necessary to isolate the Coli and streptococci 
in pure culture and to test their cbaiucters— the Coli 
in the flaginac tests, and the streptococci in the 
differential tests described above (p. 142). In the 
case of the enteritidis test the characteristic change 
in milk is sufficient for ordinary purposes ; but if the 
case is a particularly important one, 1 c.c. of the whey 
should be injected into a guinea-pig and its patho- 
genicity tested. 

Specific piithogenic bacteria. Special methods for 
isolating the typhoid bacillus and the cholera vibrio 
have been described elsewhere (pp. 185, 133). The 
presence or absence of antbi-ax, tetanus, or tubercle, can 
be determined by direct inoculation of animals with 
definite amounts of the material. Other pathogenic 
bacteria rer^uire special methods for their i3o!n.tion< i^^^H 

b J 
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Water. 

(JoVection of sample. In the case of wells provided 
with pumps, samples are collected in. sterile bottles 
after pumping for some time. In case of open welh 
springs, streams, &c., the sample is collected in a, 
sterilized bottle by hand if possible, or by lowering 
a weighted bottle with a cord ; or it is coUectfid 
by means of one of the Bpecial apparatus deaigned 
for this purpose (e. g. Esmarch's flask, which is closed 
by means of a. weight covered with rubber, and can 
be opened and closed at any depth ; or Sclavo'a so- 
called 'smash bottles' consisting of a test-tube drawn 
out into a thin bent tube with fused extremity : when, 
the tube has been sunk to the desired depth its drawn- 
out estremity ia punctured by means of a weight 
which travels down a long cord, and the tube then 
rapidly fills with water). 

Pi-eetivalion of samples. In cases where it is impos- 
sible to examine the samples at once, they are packed 

Enumeration of general bacterial content. The number 
of bacteria present per c.c. of the sample can be 
estimated by making gelatine plates from 1 c.c, 
0-1 cc, (1-01 cc, and O'OOl c.c, of the water; the last 
three amounts being obtained by the dilution method. 

If desirable, the number of bacteria capable of 
developing at 37° C. can also be estimated by making 
agar plates in the same way. 
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The Bacterioloyical examination of Water for Excre- 
mental Pollution, 

1. The B. coli Test. 

Stage 1. Decimal mode ofdiltUiofi. 

Add 9 c.c. of water to each of a number of test-tubes 
(6 " X J"), plug and sterilize. 
Label six of these tubes (1), (2), (3), (4), (5), (6). 

(a) Add 1 c.c. of the water to be examined to tube 1 
and shake. 

(b) Add 1 c.c. from tube 1 to tube 2 and shake. 

(c) ,1 M 2 „ 3 ,, 
{^) >» n 3 „ 4 „ 
\^) ?) >» ^ »> " j» 
(/) 11 11 5 >» 6 „ 

The values of the above dilutions may be expressed 
as follows : — 

(a) 1 c.c. of dilution 1=0*1 c.c. of original water. 

(b) „ „ 2=0.01 

(c) „ „ 3=0.001 

(d) „ „ 4=0.0001 „ 

(e) „ „ 5=0-00001 „ 
(/) „ „ 6=0.000001 „ 

In the case of grossly impure waters it is necessary 
to make these six dilutions, but with potable waters 
it is seldom necessary to go beyond dilution (2). For 
purposes of description it will be assumed that only 
dilutions (1) and (2) have been made. 

Stage 2. The making of primary Cultures* 
Add 1 c.c. from dilution (2) to a test-tube (6" x J" 
with an inverted inner tube 2" x \") containing 
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10-12 u.c. of single strength bile-ealt fflucoBe ppptone 

Dea! aimilarly with dilution (1) ; then 
theiindilutedwatertoathirdtubeof thesa 

Now add 10 c.c. of the water to a fourth tube 
containing 10-12 c.c. double strength bile-salt glucoae 
peptone water. 

Lastly, add 100 c.c. of the water to a fifth Urge tube 
(8" N 1|" with inverted inner tube 3" k I") contain- 
ing 50 c.c. of treble strength bile-salt peptone water. 

Stage 3. T)ie making of secondary Oultaits. 

Withdraw a loopfiil from the primary tube and 
add it to a test-tube containing 10 c o. of sterile wat«r. 
After shaking, withdraw a loopful from the latter tube 
and smear it oyer the surface of an oblique, neutral 
red bile-salt agar tube, or a plate into which this 
medium has been poured. Incubate at 37-42° C. for 
24 hours, B. coli shows as bright red colonies, and 
one or several of these colonies should nest be sub- 
cultured into melted glucose gelatine and ' shake ' 
cultures made. B. coli and like forms produce gas 
in this medium within 94 hours at 20" C. If gas 
formation in glucose is positive, the biological attri- 
butes of the microbe must be further studied. 

Slage 4. Determination of the type of B. coli. 

Many tests are available for this purpose, but a u»e- 
ful combination is the Flaginac teat. 

Four tubes containing different media are inocu- 
lated from the glucose gelatine culture, namely : — 

Neutral red broth culture (fl=flnore?cence within 
two days at 37° C). 
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Lactose peptone culture (ag=acid and gas within 
two days at 37° C). 

Peptone water culture (in=indol within five days 
at 37° C). 

Litmus milk culture (ac=acid and clot within five 
days at 37° C). 

A micro-organism yielding positive results with all 
these four tests is described as a flaginac B. coii, that 
is, a microbe indistinguishable on the basis of the tests 
employed from typical B. coli of the alimentary tract. 

Modifications, 

Stage 2. Other media may be employed, e. g. ordinary 
broth, bile-salt lactose peptone water, phenolized 
broth, peptone water, &c. 

Stage 3. Other media may be used, e. g. Drigalski 
and Conradi, ordinary agar, phenolized agar, ordinary 
gelatine, phenolized gelatine and various sugar agars. 

Stages 3 and 4. A useful modification is the Quin- 
tuple Preferential B. coli test described in the Report 
on the Metropolitan Water Supply for January, 1907. 
Its description here would occupy too much space. 

Stage 4. Additional tests may be used, for example : 
motility; Gram's stain ; nitrate broth ; growth on various 
solid media ; reactions with various sugars and alcohols 
such as saccharose, raffinose, laevulose, mannose, dex- 
trin, dulcit, isodulcit, mannite, 8alicin,&c.; Proskauer's 
and Capaldi media, &c. MacConkey has recently 
recommended Vosges and Proskauer's reaction and 
the following substances as having special differential 
value— lactose, saccharose, dulcit, adonit, and inulin. 

It may here be added that in Stage 2, surface 
cultures on solid media may be used instead of liquid 
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including the reactions in the various ditfeveiittiil tei;U 
deacribed previouslj (p. 143). 
t]. Tas Spokes of B. enteritidis bporogeites 

Test. 

For the purpose of dilution, stage 1 of the B. coli 
teat may be used. For larger volunies of water than 
10 CO., coneentration of the bacterial contents of the 
water ie necesBary, The medium employed ia 'whole' 
milk, and after inoculation with the water, the culture 
is heated to 80^ C. for 10 minutes, and then incubated 
ander anaerobic conditions at BT' C. After two days' 
incubation, the results are recorded : if the casein is 
precipitated and torn into irregular masaea with 
a moderately clear whey and evolution of gas, the 
result ie considered poBitivE^. But it is desirable to 
verify by animal inoculation and by various cultural 
teats. 

There are many other testa which may be usefully 
employed in the bacteriological examinatioa of 
water, e.g. determination of the ratio between the 
number of microbes growing respectively at 20' C, 
and at 37' C. ; enumeration of the spores of aerobic 
bacteria; animal inoculation tests, &c. But theae 
cannot be considered here. Similarly, special tests 
for apeciflc pathogenic bacteria do not fiill within the 
province of the present article. 

The following media are used in connexion with the 
above method of examining water. 

MacConheij's Bile-nalt ghicosf peptone vxilei: ^^k 

L Peptone 20 grams, glucose S grama, tanrocholate of ^^| 
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tiip-wiiler to 1 litre, Pat peptone, glueosr. taurocho- 
iate of sodium, and water in a flask, and heat in steamer 
for 45 rainutes. Filter through Chardin's filter^paper, 
add the filtered litmus solution and place in tubes 
(with Durham's fermentation tubes). Steam for 
45 minutes on two successive days. 

Double slreagth bile-sail glucose medium. 

The above solid conatituenta (peptone, glucose, tanro- 

cholate) are doubled. The medium is put into tnbM 

in quantities of 10 c,o. The water to be examined is 

added to the medium in quantities of 10 c.c. 

Triple strength hile-snll glucose medium. 

The solid constituents are used in threefold Ktrength, 

The medium is put into large tubes in quantities of 

50 CD. The water to be examined is added in quantities 

of 100 CO. 

MacConkey'a Netilral red bile-salt ngar. 

Agar fibre 20 grama, peptone 20 grams, lactose 
10 grams, taurocholate of sodium 5 grama, 4 c.e. of a 1 % 
sterile aqueous neutral red solution, tapwater to I litre. 

Soften agar in acidulated water as previously 
described. To the washed agar add peptone, bile- 
salt, and 500 c.c. tap-water. Heat in autoclave for 
30 minutes, or in atearaer for 90 minutes, then add 
remainder of water, cool to C0° C, add the beaten 
white of one egg, heat in autoclave for 45 minutes 
or in steam aterilizer for 90 minutes. Filter through 
a moiatened Chardin'a filter-paper, placing the funnel 
in a warm filter-jacket. When filtered, heat in steamer 
for 15 minutes, add lactose and neutml red, put 
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tubes, and steam for 30 minutes on two successive days. 
The medium requires no alkali. 

Peptone litmus uxtter 
(used for sugar tests, with reference to B. coli). 

Sugar 1%, peptone 20 grams, 100 c.c. of a 10% litmus 
solution, tap-water to 1 litre. 

Milk. 

For details as to the bacteriological examination of 
milk in relation to standards, the reader is referred to 
a recent report (A. C. H.) to th3 L C. C. (King & Sons : 
1905). 

Sediment. On p. 27 of the report in question, 
a convenient method and apparatus are described 
and figured by means of which the volume of dirt 
deposited by a definite quantity of the milk can be 
concentrated and measured, and known quantities of 
this deposit submitted to microscopical examination. 
The cover-glasses are * flamed', immersed in ether for 
5 minutes, transferred directly to absolute alcohol 
for a few seconds, and, without washing, placed film 
downwards in freshly prepared methylene blue solu- 
tion (6 c.c. of the filtered saturated alcoholic solution 
of methylene blue, in 20 c.c. of a 1 in 10,000 solution 
of caustic potash) for not more than 10 seconds. 
After washing and drying, the preparation is mounted 
in Canada balsam in the ordinary way and is then 
examined with a one-sixth objective and a four ocular, 
the tube being drawn out to such an extent as to give 
a magnification of 460 diameters. Higher magnifica- 
tions are necessary for special purposes. At least five 
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' fielda ' from each quarter of the cover-glass should 
be carefully examined. 

Sepamte coTerglaes preparations ina.j also be 
stained as for tubercle, in the following manner :— 

After treatment with ether imd alcohol, the prepara- 
tion is stained for Bever<il minutes in hot carbol fuchiiin, 
washed, decolorized in 33% nitric acid, washed and 
counter-stained with methylene blue. After washing, 
drjing, and mounting, the preparation is eitamined 
for the presence of acid fast bacilli, with a one-tenth 
or one-twelfth oi! immersion lens, in place of the 
one-fcixth objective pieviously recommended. Ah 
already pointed out, failure to find acid fast bacilli 
affords no convincing evidence of their real absence. 
Moreover, not all acid fast bacteria are tuberale 
bacilli (see p. 91). 

The cnltural procedure used was as follows ; — 

Dilulion. The decioial mode of dilution should be 
carried out as described under Stage 1 of the B. coli 
test under Wii1er{^. 196). 

B. coli Test. 

Primary liquid cuUurea and secondary pJnle ndtiirts 
method. — The bile-salt glucose peptone medium of 
MacConkey may be used forthe primary cultures, and, 
for secondary 'plating' purposes, the solid media 
recommended under bacteriological eiamination of 
water for eJtcremental pollution (see above). The 
procedure is as follows : — 

Ten c.c. of the milk are added by means of a sterila * 
10 c.c. pipette to a tube containing 10 c c. of double 
strength bile-salt ^luco»e peptone medium. 

A sterile 1 c,c- pipette is used for inoculation from 
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tubes, and steam for 30 minutes on two successive days. 
The medium requires no alkali. 

Peptone litmus water 
(used for sugar tests, with reference to B. coli). 

Sugar 1%, peptone 20 grams, 100 c.c. of a 10% litmus 
solution, tap-water to 1 litre. 

Milk. 

For details as to the bacteriological examination of 
milk in relation to standards, the reader is referred to 
a recent report (A. C. H.) to ths L C. C. (King & Sons : 
1905). 

Sediment. On p. 27 of the report in question, 
a convenient method and apparatus are described 
and figured by means of which the volume of dirt 
deposited by a definite quantity of the milk can be 
concentrated and measured, and known quantities of 
this deposit submitted to microscopical examination. 
The cover-glasses are * flamed', immersed in ether for 
5 minutes, transferred directly to absolute alcohol 
for a few seconds, and, without washing, placed film 
downwards in freshly prepared methylene blue solu- 
tion (6 c.c. of the filtered saturated alcoholic solution 
of methylene blue, in 20 c.c. of a 1 in 10,000 solution 
of caustic potash) for not more than 10 seconds. 
After washing and drying, the preparation is mounted 
in Canada balsam in the ordinary way and is then 
examined with a one-sixth objective and a four ocular, 
the tube being drawn out to such an extent as to give 
a magnification of 460 diameters. Higher magnifica- 
tions are necessary for special purposes. At least five 
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'fields 'from eiich r[Uartev of the cover-glnas should 
be carefully examined. 

Separate cover-glaag preparations may also be 
stained as for tubercle, in the following manner :— ( 

After treatment with ether and alcohol, the prepara- 
tion is stained for eevera] minutes in hotcarboifuchsin, 
washed, decolorized in 33% nitric acid, washed and 
connter-stained with methylene blue. After washing, 
drying, and mounting, the preparation is examined 
for the presence of acid fast ba^ulli, with a one-tenth 
or one-twelfth oil immersion lens, in place of the 
one-aisth objective pieviously recommended. As 
already pointed out, failure to find acid fast bacilli 
affords no convincing evidence of their real absence. 
Moreover, not all ivcid fast bacteria are tuberele 
bacilli (see p. 91). 

The cultural procedure used was aa follows ; — 

Dilution. The decimal mode of dilution should be 
carried out as described under Stage 1 of the B. coli 
test nnder Wata- (p. 196). 

B. coH Test. I 

Primary liquid cultuivs and secondary plnle cultures ^ 
method. — The bile-salt glucose peptone medium of 
MacConkey may be used for the primary cultures, and, 
for secondary 'plating' purposes, the solid media 
recommended under bacteriological examination of 
water for eicremental pollution (see above). The 
procedure is as follows : — 

Ten c.c. of the milk are added by means of a sterile 
10 c.c. pipette to a tube containing 10 c c. of double 
strength bile- salt glucose peptone medium. 

A sterile 1 c.c. pipette is used for inoculation &w 
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tubes, and steam for 30 minutes on two successive days. 
The medium requires no alkali. 

Peptone litmus ivater 
(used for sugar tests, with reference to B. coii). 

Sugar 1%, peptone 20 grams, 100 c.c. of a 10% litmus 
solution, tap- water to 1 litre. 

Milk. 

For details as to the bacteriological examination of 
milk in relation to standards, the reader is referred to 
a recent report (A. C. H.) to ths L C. C. (King & Sons : 
1905). 

Sediment. On p. 27 of the report in question, 
a convenient method and apparatus are described 
and figured by means of which the volume of dirt 
deposited by a definite quantity of the milk can be 
concentrated and measured, and known quantities of 
this deposit submitted to microscopical examination. 
The cover-glasses are * flamed *, immersed in ether for 
5 minutes, transferred directly to absolute alcohol 
for a few seconds, and, without washing, placed film 
downwards in freshly prepared methylene blue solu- 
tion (6 c.c. of the filtered saturated alcoholic solution 
of methylene blue, in 20 c.c. of a 1 in 10,000 solution 
of caustic potash) for not more than 10 seconds. 
After washing and drying, the preparation is mounted 
in Canada balsam in the ordinary way and is then 
examined with a one-sixth objective and a four ocular, 
the tube being drawn out to such an extent as to give 
a magnification of 460 diameters. Higher magnifica- 
tions are necessary for special purposes. At least five 
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tioii u itsned far aevcolwaiatei m hot cubol fbehuB, 
mtbed, deeolMnea i> JK ^bne aai, wmAei ud 
nnnntrr ifainnil wiili m t ikj iemt Uae. After ■lAinc, 
dijisg. Bad ^MMaln^ &c pnpBiktioa is rTimitifil 
for the pt t m t * *i add bit '"-■'J', vitfc & aae-temth 
or one-t«elfifa td i iMtJ Mn* lea*, ia phrce of tbc 
one-tixth ol^Mtiwe ^trioMJj tecoMnwaided. As 
alr«ulj pMnted a«t, b3nte to Cad Mid &rt Incilli 
atfordi DO eoarnmamg rriiirf r of Ibeir ml alaemcc 
Moreover^ ttot all add &M Witni* ate tobcclp 
bacilli (see p. 91). 

The coltnal proc«flBre matd «a« a« follows :— 

Dilution- The deeianl mode of dilation shonU be 
carried out as dcsnibed imder Stage 1 of tbe B. roll 
test nnder Water (p. 196). 

B. coil TtH. 

Prrmary ligmid fmIIhtts attd sertrndaiy platt mltiim 
niefJko^.— The bile^alt glncoee peptone mediim of 
XacConker maj be nsed for the primary coltnres. and, 
for aeconduy 'j^ting' parposes. tbe solid media 
recommended imder bacteriological examiDation «f 
water for eieremental pollution itee above). The 
jnoeedare ia as followi : — 

Tea ex. of the milk are added bj' d 
10 cc. pipette to a tube eontaininB' 10 cc o 
itrengtb bile-«lt glncose peptone medium. 

A Bterite 1 cc. pipette is used for inocnlatioa &wi 
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the varions dilutions in rrrerge order, i.e. 1 c.c. front | 
.lilutioiiR (6). (5), (4), (3), (2), and (1), is successive] 
ndded to a series of bile-salt glucose peptone tubes. 

Fionllj, with the same pipette 1 c.c. of the undiluted 
milk i^ added to another bile-salt glucose peptone tube. J 

Tbpse cultures representing from 10 c.c. to ( 
tniiliotith of a cubic centimetre of the milk are next J 
incubated at 37° C. for two days. 

All the primai7 cultures showing acid and gaa I 
formation ace next subeultured in the way fully I 
described under WaUf. 

I'liiit'inj plate culiure method. — A gelatine medium I 
or an agar medium (with or without the addition of 1 
one or another augarl may be einployed. But there 
is convenience in uning the Drigalaki and Conradi I 
medium aa this in specially suited for the isolation I 
of ptreptocncci, and also of the non-lactose-fennenting I 
group of B. coli. 

The procedure in any case is the same. The plate« 1 
are inoculated with 0-1 c.c. of the various dilutionB, J 
and the material spread over the surface of the plates ] 
by means of a suitable sterile instrument. The pUtei 
are incubated at 37° C. and after 24-48 hours carefnlly I 
examined. Selected colonies are subeultured in 
various media in the manner already described. 



As previously explained, the Drigahki and Conradi 1 
medium is well adapted for the purpose in view. The I 
plates are inoculated with O'l c.c. of the various ] 
dilutions and the material spread over the surface 
of the plates b^' meani^ of n suitable sterile inijtrument. 
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After iucubation for 24-4S houiB at 37" C. the minute 
uolaaies are lubcultured in broth. The broth cultures 
are iDcubated for 24-48 houra at 37" C. and then 
examined microscopically. If the results of tbe 
microecopiu examination prove satisfactory, 
Htreptococcas is subjected to the differential testa 
for Htreptococci dtaeribed above (p. 143) and also to 
the nitrate broth test (for observation ua regards 
absence of ability to reduce nitrate to nitrite). 

An alternative method is to inoculate a aeries of 
lactose peptone ( + Lemco) tubes from the various 
dilutions. These tubes are incubated at 37° C. for 
24-48 hours. As the great majority of milk strepto- 
cocci produce acid in n lactose medium, only those 
tubes which show an acid change need be studied. 
Microscopic preparations from the tubes showing 
development of acidity are next made to see whether 
streptococci, mixed or unmixed with other bacteria, 
are present. If streptococci are present, secondary 
plate cultures must be made and the microbes atndied 
in pure culture. This method works fairly well if 
the streptococci are present in large numbers compared 
with other microbes. But under these conditions 
almost any method would yield satiafactoiy results. 

B. eiiteritidis aporogeiies test. 

The following amounts of milk should be used for 
cultural purposes; — 100 c,c. ; 10 c.c. ; 1 c.c. ; ■! c.c. j 
■01 c.c. 1 -001 C.C. The 100 c.c. of milk is added to 
a lai^c sterile tube ; the 10 c.c. of milk to a lai^ 
tube containing 30 c.c. of sterile milk, and the rest of 
the amounU to ordinary tubes containing 15 c. 
sterile milk. The cultures are heated after inoeula- J 
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tion. to 80" C. for ten minntes for the leaser amountaj,^ 
itnd 15-20 minutes for the lihrger amounts of milt^.f 
The cultures are incubated, under anaerobic condition^ ■ 
at 37" C. and observations made as regards the ' ente- 1 
ritidis change ' after two days' incutiation. 

Sliellfiali. 

The following method of examining oyaters bacterio; A 
logically is taken ftom a Beport (A.C.H.) to thai 
Koyal Commission on Sewage DispoBal (Fourth Report, 
vol. 3 ; also Journal of Hr/giaie, vol. 4, no. 2, p. 185). 
The directions given apply, with modifications, to the 
examination of shellSsh in general. 

Cleansing of Ihe Oysters .■ — 

The outside of the oyster shell ie well scrubbed 4 
with soap and water, and cleansed as thoroughly t 
possible under clean running water ; the shells ai 
then well washed in running main water, and finaUff 
with sterile water. 

Cleansing of Ihe Bands: -• 

The hands of the experimenter are thoroughly 
cleansed with a hard scrubbing brush, soap and water, 
then rinsed first with 1 in 1,000 corrosive sublimate 
solution and finally with sterile water. i 

Subseqiienl procedure .- — I 

The oysters are laid out upon a sterile towel, 
the flat shell uppermost. They are opened in this 
position with a sterile knife, held in the right hand, 
while they are held in position with a comer of the 
sterile cloth grasped in the left hand. Qreat care is 
taken to avoid any loss of the liquor. This liquor in 
the shell is poured into a sterile 1,000 c.c. cylinder, 
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the oyster is then partly cut up with Kterile scisf 
und tlie liquor thus freed also iilloweit to run into 
the cylinder ; finally, the oyster is cut up into small 
pieces and added to the cylinder. Ten oysters a: 
thua treated in each experiment. The volume < 
oyster + oyster liquor is read off, and usually varit 
between 80 and 120 e.c, bo that the oysters, being of 
mediain size and containing a. medium amount of 
liquor, 100 c.c, might be considered a fair average 
of the total lihell contentti of ten oysters. Stei'ile 
water ia then poured into the cylinder up to the 
1,000 c.c. mark, and the whole well stirred with a 
eterile rod. 

The following amounts of this liquid are taken for 
cultural purposes (primary cultnresj : — 



Culture A 100 c 


.c. = COntentE of 1 oyster 




„ B 


10 c 


.c.= 


.. .. ^f. 






., c 


Ic 


.c,= 








Culture (1) 1 c 


.c. of 


^\ 


dilution = 


m^ 


oystei 


„ (2) 1 


,. 


T*fl 


= 


,vhm> 




., (3) 1 




loW 


= 


roAmi 




,. (4) 1 






= 


TTioinini 





These amounts— A, B, C, (1 ), (2), (3;, (4)— are used for 
I'xaniination for B. coli (primary cultui'es), and the 
amounts B. C. 1, 2, 3 for the B. enteritidis sporogeneH 
test. Experience has shown that it is best to make 
the primary cultures in triplicate. Then if, as regards 
the B. CoU test, a sugar medium is employed, at least 
two out of the three primary cultures should form acid 
and gas to allow of a preliminary nuojerical diagnosis 
being made. Similarly, in respect ot the B. enteritidis 
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coli-like nnorobpB, of any kind. On the other band, 
the occurrence of gaa in the primary culturea con- 
rtitutes the prima facie or presumptive test for B. coll. 
and iiidicatea the necessity for making from the liquid 
secondary cultures on solid media.. As regards these 
lecoadary cultures reference should be made to stage 
3 of the bacteriological examination of water for 
excremental pollution. 

Reverting to the stage of the process at which the 
primary cnltures representing the first ' washings ' of 
the miiture of cress and water have been made : The 
neit step is to pour off the remaining water in the 
flask, to add fresh clean water, shake the flask, then 
pour off the water, again to add fresh water and again 
to pour off the water. Repeat this procedure several 
times ; then add to the flask sterile water, shake the 
flaak and pour off the water. This should be repeated 
several times. Finally, add 9CH) c.c. of sterile water to 
the flask, shake it repeatedly, and proceed on exactly 
the same lines aa before to examine the liquid (called 
the final ' washings '), During the procesB of washing, 
any simple device, such aa holding a piece of sterile 
wire gauze over the mouth of the flask will prevent 
loss of small floating pieces of cress. 

As the final 'washings' liquid is examined in exactly 
the same way as the first washings, it is unnecessary 
to repeat what has been already described. 

Mention has only been made so far of the B. coli 
test, but of course the first and final ' washings ' of 
the cress may be examined by the streptococcus, B. 
ent-eritidis sporogenes, or other test*. 

Known quantities of the cress may also be added 
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directly to primary liquid cultures, the subsequent 
procedure being on the lineB already indicated. 

Sewage and Sewage Effluents. 

The method by which these materials are enami 
bacteriological ly is similar to that practised in 
case of water, but in the present instance dilution is 
carried further. 

Detection of specific pathogenic bacteria in sewage 
is not easy by cultural methods at present available, 
and so far the animal experiment would appear to 
have afforded the best positive results. By this 
method Houston succeeded in demonstrating anthrax 
in the coke beds and septic tank sludge at the sewage 
works of a, town where a number of tanneries are 
situate ; and he further showed the presence of this 
same specific pathogenic micro-orgauism in mud of a 
stream contaminated by sewage from the same town 
{Second Beport, R.S.C.). Among other pathogenic 
micro-organisms that have been recovered from sewage 
and sewage effluents are B, pseudo- tuberculosis and 
B. pyocyaneus. 

Sou. 

A platinum or metal spoon may be used for collect- 
ing a sample of the soil to be examined. 

When examining the deeper layers of soil, either 
a hole is dug and samples taken from its sides at the 
required depth and inoculated, or Fraenkel's borer 
is used. The latter is driven into the earth by 
rotating it iu a certain direction, and when the 
desired layer is reached, it is twisted round several 
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tiiueB in ihe opposite direction, whereby a chamber 1 
in the point of the borer ie opened and filled witli ■ 
earth. Then one draws the instrument out hjm 
rotating it in the first direction. 

Examitialion of soil for pxciemental pollution. 
definite qua,ntit; of the soil {e.g. a gram or moraXfl 
is gi-ound as finely as possible by means of a sterils ■ 
pestle and mortar, or else is shaken up in a flask 1 
with sterile shot, &c., and is then diluted with known ^ 
quikntities of sterile water : the decimal mode 
dilution being preferable. Cultures are then mads J 
from definite quantities of these dilutions, and tha 1 
number of B. coli, itreptococci, spores of B. enteritidiH 
gporogeneB, determined per gram of the original 
material. The characters of the B. coli and strepto- 
cocci isolated should be det«rmined in detail by the 
tests described elsewhere. For further details as to 
the bacteriological examination of soil for excremental 
pollution, see Reports (A. C. H.) to the Local Govern- 
ment Board, 1899-1900, ib. 190O-1, ib. 1901-2, also j 
Bavage, Journal of Sanitary InstiUde, 1903. 

Spidjic pothogenie bacteria. When examining sam-l 
pies of soil for infective micro-organiams (tetanus 
malignant oedema, anthrax, tubercle), one injects^ 
animals subcutaneously, either with some of thel 
material itself or with some 0-8% NaCl solution n 
which the material has been shaken up. 

Excremental Matterct. 

(e.g. faeces, cow dung, &e.) 
!• The reader is referred to reports {A. C. H.) to ibttM 
Hoal Government Board on this subject. But pra 
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tically the same methodu may lie use Jae thoEs deBCribed 
for liquidB, except that it is necessary before making 
the various dilutions to thoroughly mix a known weight 
of the solid with a known volume of water. 



The Bacteriological Examina- 
tion of Dust and Air 

(Revised and amplified by Dr. Gordon). 
Dust. 

Ip in BufEcient quantity, the dust may bo collected 
with a sterile knife and transferred to the laboratory 
in a sterile test-tube. Dust may also he collected 
from the air by exposing a sterile glass box, a sterile 
enamelled tray, or, if within doors and under a. 
grating, a piece of highly glazed paper. 

Examinalion for excremental pollution. A gram, or 
if possible, more, of the dust is weighed out, well 
crushed up in a bterile mortar with a little sterile 
water, and diluted up to a hulk of 100 c.c. for the 
primary dilution. From this a aeries of decimal 
dilutions are made through succeBsive flasks as 
described above for milk. A aeries of cultures are 
then made in gelatine (22" C.) or agar (37° C.) for 
total nnmbera ; in MacConkey's Suid for fi. coli ; 
in broth or on Drigalski und Conradi's medium for 
streptococci ; and in milk for the spores of B. enteri- 
tidis aporogenea ; the last cultures being heated to 
Ih" C. fur 11} minuted before incubation anaerobically 
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at 37° C. The B. coli and streptococci are isolated 
in pure culture and their characters examined. 

The result of some analyses of dust made on the 
above principle are seen in this table. The figures 
refer to the number approximately per gram of dust. 



Source. 


No. of 
Baoteria 

(sr c). 


B. coll. 


Strepto- 
cocci. 


B. enteri- 

tidis spo- 

rogenes. 


Window bars and 
stonework at air inlet, 
House of Commons. 


under 10 


under 
10 


under 
10 


under 10 


Week's sample of 
dust arrested from in- 
coming air by scrim- 
cloth screen. 


10,000 


100 


under 
100 


1000 


3 - months* sample 
of material falling 
til rough gratings in 
floor of Debating 
Chamber from boots. 


100,000 


100 


10,000 


1 

1 

1 
1000 


Dust of Debating 
Chamber. 


100,000 


1000 


10 


1000 

t 


Dust of Division 
Lobbies. 


1,000,000 


1000 


1000 


1000 


Dust of New Palace 
Yard (cabs present). 


100,003 


10,000 


under 
1000 


100 
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The following metbodB enable an catimate to be 
formed of the noinber of bacteria contained by the 
air, 

1. Hesse's method. A glasa tube 70 cm. long a 
5 cm. wide is used. Gelatine is either spread all o' 
the interior in the manner of a roll culture, or when, 
us is generally the cose, the tube is used in a hori- 
zontal position, it is sufficient if a layer of gelatine 
I> mm. deep is solidified on the floor of the tube 
throughout its whole length. The inlet end of the 
tube is provided with a rubber cap pierced by a bole, 
and to the opposite end of the tube an aspirator is 
attached by means of which air is slowly | Itl litres in 
twenty minutes) drawn through. Tube, rubber cap, 
and gelatine are previously sterilized. Eren in case 
of air comparatively free of micro-organisms it is 
advisable not to draw through more than 100-200 
litres, otherwise the colonies lie too closely together. 
In the end of the tube to which the aspirator is 
attached (outlet end) a plug of sterile wool may bo 
(ilaced, and when the air has been drawn through, ■ 
this plug may be sown in a gelatine plate. If the air 
has been drawn through sufficiently slowly, this plug 
remains free of bacteria. , 

2. Petri's method enables the micro-organiKuis to be 
collected iiom a larger quantity of air. By means of 
a pump with automatic counter attached, a measured 
quantity of air ia drawn through two sand-fil 
which are contained within the same glass tube and 
are separated from each other and from the outside I 
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through, the Band and gauze are sav/ti in gelatine 
agar pUtcs. If the filters are firmly pressed together, 
all the micro-organisms are held up in the first one. 
Infttead of sand, pulverized sugar ma; be employed 
(it is, however, difficult to sterilize). Also grains of 
glasa measuring from 0>25 to 0-5 mm., and contained 
in tubes of i>articu1ar construction, may be used as 
a filter (Ficker, Zeil. f. H.jg., Bd. 23). 

3. The following method of Biijicid has the merit 
of simplicity. Air is slowly drawn through three 
wash-bottles communicating with eiich other, with 
rubber stoppci's, and glaes tubes, and each containing 
2-3 c,c, of sterile water. The air yielda up its 
micio-organisms to the water, various quantities of 
which arc at the end worked up with gelatine. 

4. Frankland'a method iFhil. TmtiJi. 1887. No. 2, 
p. I27j. A known volume of air is drawn through 
a short piece of glass tubing constricted at two places 
to support plugs wade of powdered glass wool mixed 
with Bugai'. Tlie first plug holds up the micro-organ- 
isms, and cultuies made from the second should 
remain sti'rile. Thiii method has superseded Hesse's 
method. 

5. Melluxl of Slmu't at>d Wuiiti (A. J. P. 1888,^ 
p. 171). A measured quantity of airis drawn through 
a special piece of glass apparatus conttuning 10 c.c. 
of sterile melted gelatine. The fluid retains the micro- 
oiganbms, and cultures are madu subsequently froie 

i amounts of it. A dix)^i of sterile oil is 
a the top of the llaid to control bubliling. 
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Brotli imty be u^d in place of gelatine, if deeired. 
Air may be dravn through at the rate of 50 litres in 
fifteen minutes. The method is asserted to be more 
accurate than the others mentioned above. 

I Ezamination of Air for the Presence of 

9 Particulate Contamination. 

^ Tlie air of inhabited rooms is specially liable to 
derive particulate pollution from the presence of 
droplets of mucufl sprayed from the mouth in the act 
of Bueexing, coughing, and loud speaking (Flugge) ; 
from particles of epidermis shed from the surface of 
the body ; and fiom dirt brought in from the streets 
on lioota of the occupants. Certain bacteria, possessed 
of constant and well-defined characters, furnish means 
whereby pollution of each of these three kinds can 
be detected. 

(1) PoUittion fi-QHi material derived fivm the upper 
respiraloi-i) passages. It has been shown (Gordon, 
L.G.B. 1902-3, ib. 1903-4} that certain streptococci, 
owing to their constant abundance in normal human 
saliva, provide a test whereby the presence of particles 
of that material may be identified, and that Strepto- 
coccus aalivarius (see p. 143) in particular furnishes 
a means whereby 0-030,001 c.c. or less of saliva can 
be detected in air. 

(2) Pollution from niaUriai detached from the jA-ih. 
Owing to its constant abundance on the normal skin, 
Staphylococcus epideimidis albus forme a means 
whereby particles detached from the suiface of the 
body rauy be detected (Cordon, L.G.B. 1904-5). The 
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characters of this staphylococcos have been stated 
before (p. 144). 

(3) Pollution by material brought in from the street 
on boots. Material of this kind consists largely of 
horse-dung, and may be recognized by the presence 
of B. coli, spores of B. enteritidis sporogenes, and 
certain streptococci. B. mycoides is also not in- 
frequently contained in such material, and thus 
serves as an additional bacterial index whereby its 
presence may be detected in air. 

Particulate pollution of the three kinds mentioned 
above is most readily recognized by exposing plates 
filled with broth to the air, by then incubating this 
broth anaerobically for 48 hours at 37® C, and 
isolating and testing such index micro-organisms as 
may have developed in the broth by that time. Plates 
of solid media may also be exposed for the same 
purpose, and to this end solidified blood serum, 
ordinary agar, or the medium of Drigalski and Con- 
radi may be exposed to the air. 

Sewer Air, 

Recent observations made by Andrewes and Hurtley 
{Report on the server air of Hampsteadj 1905), and by 
Horrocks (P.R.S,, Feb. 7, 1907), show that by similar 
methods particles of sewage may under certain 
circumstances be detected in the air of sewers or 
drains. Horrocks has even succeeded by this means in 
demonstrating the presence of B. typhosus in the air 
of a drain through which typhoid excreta were passing 
(loc. cit.). 
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Blood culture, 161. 
culture in typhoid, 116. 
withdrawal of small 
quantities, 160. 
Blood preparations, 163. 
immunity tests, 166-80. 
serum media, see Serum. 
Bordet and Gcngou, test for 
* substance sensibilisa- 
trice', 166. 
Bostrom's method of stain- 
ing actinomyces, 153. 
Brain medium, Ficker's, 

for tubercle, 84. 
Bread media, 28. 
Broth, preparation of, 13. 
Busse, method of demon- 
strating yeast in tissue, 
154. 
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120. 
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73, 74, 82. 
Carbol fuehsin, Ziehl 
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Dilution methods, 32, 195, 
203. 

Diphtheria bacillus, 97. 
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Douglas and Wright, opso- 
nin method, 173. 

Drigalski and Conradi 
medium, 117-19. 

Dust, 213. 
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Eggs as media, 25. 
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Enteritidis sporogenes 

(Klein) test, 200, 205. 
Eosin and methylene blue 

stain, 66. 
Excremental pollution,128, 

196 et seq. See under 

Water, Food, Air. 

Faeces, examination of, in 
typhoid, 116-22. 
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Btain for gUndera bacil- 
lus, 05. 

Loop, norma t, standard, 
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Fost-mortem examination, 


Sewngo and sewage efflu- 


18G. 


ents, 211. 


Potato media, 26, 27. 


Sewer air, 218. 
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Thrush, 158. 

Toxin formation, 60; (B. 
diphtheriae), 102. 

Tubercle bacillus, 84-92. 

Typhoid bacillus, 104-26. 

Typhoid fever, bacteriolo- 
gical diagnosis of, 115> 
125. 
identification of bacillus 
in rose spots, 115 ; in 
blood, 1 16 ; in faeces, 
116; in urine, 125. 

Ulcus Molle bacillus, 96. 
Unna's stain for glanders, 

96 ; for ulcus molle 

bacillus, 96. 
Urine, typhoid bacillus in, 

166. 
Uschinsky*s albumen-free 

medium, 28. 

Van Ermengem^s flagella 
stain, 79. 



Van Ketel's sedimentation 

method, 90. 
Vegetables, bacteriological 

examination of, 208. 

Water, bacteriological ex- 
amination of, 195. 

Watercress, 208. 

Watery alcoholic stains, 61. 

Weigert's stain for sections, 
71. 
piorocarmine, 73. 

Widal's reaction in ty- 
phoid, 122. 

Wright and Douglas' op- 
sonin method, 173. 

Wright's bactericidal me- 
thod, 169. 

Yeasts, 153. 

Zettnow's flagella stain, 80. 
Ziehl Neelsen's carbol fuch- 
sin. 62. 
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